Evaluating a monetary business cycle model with unemployment for the euro area by Nicolas Groshenny
Working Paper Research
Evaluating a monetary business cycle model 
with unemployment for the euro area
by Nicolas Groshenny
  July 2009  No 173 
    NBB WORKING PAPER - No 173 - JULY 2009 
 
Editorial Director 













































Statement of purpose: 
The purpose of these working papers is to promote the circulation of research results (Research Series) and analytical 
studies (Documents Series) made within the National Bank of Belgium or presented by external economists in seminars, 
conferences and conventions organised by the Bank. The aim is therefore to provide a platform for discussion. The opinions 




For orders and information on subscriptions and reductions: National Bank of Belgium, 
Documentation - Publications service, boulevard de Berlaimont 14, 1000 Brussels 
 
Tel +32 2 221 20 33 - Fax +32 2 21 30 42 
 
The Working Papers are available on the website of the Bank: http://www.nbb.be 
 
 
©  National  Bank  of  Belgium,  Brussels 
 
All rights reserved. 
Reproduction for educational and non-commercial purposes is permitted provided that the source is acknowledged.  
 
ISSN: 1375-680X (print) 
ISSN: 1784-2476 (online)  





This paper estimates a medium-scale DSGE model with search unemployment by matching model 
and data spectra. Price mark-up shocks emerge as the main source of business-cycle fluctuations 
in the euro area. Key factors in the propagation of these disturbances are a high degree of inflation 
indexation and a persistent response of monetary policy to deviations from the inflation target. 
 
 
JEL-code: E32, C51, C52. 




















Nicolas Groshenny, Reserve Bank of New Zealand, Economics department,  
email: nicolas.groshenny@rbnz.govt.nz. 
 
The paper was written during my internship in the National Bank of Belgium. 
 
I thank Ulf Söderström, Antonella Trigari and Luca Sala for their guidance. I am grateful to Andrew 
Binning, Fabio Canova, Gregory de Walque, Carlo Favero, Francesco Furlanetto, Peter Ireland, 
Philippe Jeanfils, Jesper Lindé, Tommaso Monacelli, Christophe Planas, Mattias Villani, Raf Wouters 
and seminar participants at Bocconi, RBNZ, National Bank of Belgium, Norges Bank, Cleveland Fed, 
Sveriges Riksbank, Ghent University, Bordeaux IV University and CEF Sydney 2009 for very helpful 
comments and suggestions. I wish to thank the National Bank of Belgium for its kind hospitality. 
 
The views expressed in this paper are those of the author and do not necessarily reflect the views of 
the National Bank of Belgium or those of the Institutions to which he is affiliated.  
NBB WORKING PAPER  - No 173 - JULY 2009 
 
TABLE OF CONTENTS 
 
1.  Introduction  ...............................................................................................................................  1 
2.  Some stylized facts of the euro area business cycles ......................................................... 2 
3.  The spectra matching estimation technique ......................................................................... 2 
4.  Model  .......................................................................................................................................... 4 
4.1  The representative household .................................................................................................... 5 
4.2  The representative finished goods-producing firm ..................................................................... 8 
4.3  The representative intermediate goods-producing firm  .............................................................. 8 
4.4  Wage setting  ............................................................................................................................. 12 
4.5  The empirical wage and inflation equations ............................................................................. 13 
4.6  Government   ............................................................................................................................. 13 
4.7  Symmetric equilibrium  ............................................................................................................. 14 
4.8  Model solution  ........................................................................................................................... 14 
5.  Econometric strategy and results  ......................................................................................... 14 
5.1  Sources of business-cycle fluctuations in the euro area .......................................................... 15 
5.2  Key frictions for the propagation of shocks in the euro area .................................................... 16 
5.3  Explaining the variance and the persistence of tightness ........................................................ 17 
5.4  Evaluating the fit of the model .................................................................................................. 18 
5.4.1  Spectral decomposition of variances  .............................................................................. 18 
5.4.2  Spectral decomposition of squared correlation  .............................................................. 18 
6.  Robustness analysis: Comparing spectra matching and maximum likelihood .............. 19 
7.  Concluding Remarks  .............................................................................................................. 21 
8.  Appendix: Description of the database  ................................................................................ 21 
References ....................................................................................................................................... 21 
Tables  .............................................................................................................................................. 24 
Figures .............................................................................................................................................. 27 
National Bank of Belgium - Working papers series .......................................................................... 41 
  +1/,"2!1',+
-6/B /@3 B63 A/:73<B 43/BC@3A =4 /55@35/B3 JC1BC/B7=<A 7< B63 3C@= /@3/ <2 E6/B /@3 B63
;/7< A6=19A /<2 4@71B7=<A 0367<2 B63A3 A/:73<B 43/BC@3A
*= C<1=D3@ A=;3 ABG:7H32 4/1BA =4 3C@= /@3/ 0CA7<3AA 1G1:3A B67A >/>3@ 3F/;7<3A B63
A>31B@/: 23<A7B73A =4 A3D3< 93G ;/1@= D/@7/0:3A 4=@ B63 >3@7=2   

 *63 ;/7< I<27<5
3;3@57<5 4@=; B67A 3F3@17A3 7A B6/B B63 A>31B@/: 23<A7B73A =4 =CB>CB 5@=EB6 1=<AC;>B7=<
5@=EB6 7<D3AB;3<B 5@=EB6 /<2 E/53 5@=EB6 /:: 3F6707B / A7<5:3 >3/9 /B >3@7=2  ?C/@B3@A
*= C<23@AB/<2 E6716 A6=19A /<2 4@71B7=<A /@3 93G 7< A6/>7<5 B63 A>31B@/: 23<A7B73A =4
B63 3C@= /@3/ ;/1@= D/@7/0:3A B63 >/>3@ 3AB7;/B3A / 2G</;71 AB=16/AB71 53<3@/: 3?C7:70
@7C; ;=23: ) B6/B 43/BC@3A 3?C7:70@7C; C<3;>:=G;3<B /A E3:: /A A3D3@/: A6=19A /<2
4@71B7=<A *63 3AB7;/B7=< B316<7?C3 1/::32 A>31B@/ ;/B167<5 63<134=@B6 )& 7A 23A75<32
B= ;/F7;7H3 B63 ;=23:LA /07:7BG B= IB B63 A>31B@/: 23<A7B73A =4 B63 2/B/ < >/@B71C:/@
)& 6/A BE= ;/7< 16/@/1B3@7AB71A  )& E3756BA 3/16 4@3?C3<1G >@=>=@B7=</::G B= 7BA
1=<B@70CB7=< B= B63 D/@7/<13 =4 B63 2/B/  )& 4=1CA3A =< /CB=1=D/@7/<13A /<2 75<=@3A
1@=AA1=D/@7/<13A *67A />>@=/16 7A AC7B32 B= 3AB7;/B3 / ABG:7H32 ;=23: =4 B63 0CA7<3AA
1G1:3A
)6=19A B= B63 I@;A 23A7@32 ;/@9C> 3;3@53 /A B63 ;/7< A=C@13 =4 0CA7<3AA1G1:3 JC1
BC/B7=<A 7< B63 3C@= /@3/ < >/@B71C:/@ >@713;/@9C> A6=19A /@3 93G B= 53<3@/B7<5 B63
?C/@B3@ 1G1:3A 7< =CB>CB 5@=EB6 1=<AC;>B7=< 5@=EB6 /<2 E/53 5@=EB6 *63 43/BC@3A =4
B63 ;=23: E6716 /@3 1@C17/: 4=@ B63 >@=>/5/B7=< =4 B63A3 1=AB>CA6 27ABC@0/<13A /@3 / 6756
235@33 =4 0/19E/@2:==97<5<3AA 7< >@713A3BB7<5 036/D7=@ /<2 / >3@A7AB3<B /<2 /55@3AA7D3
@3A>=<A3 =4 ;=<3B/@G >=:71G B= 23D7/B7=<A =4 7<J/B7=< 4@=; B63 B/@53B
<=B63@ 7<B3@3AB7<5 I<27<5 7A B63 @3;/@9/0:3 /07:7BG =4 B63 ;=23: B= IB B63 A>31B@/:
23<A7BG =4 B63 D/1/<1G	C<3;>:=G;3<B @/B7= 0G 7<D=:D7<5 B6@33 BG>3A =4 27ABC@0/<13A >@713
;/@9C> A6=19A /11=C<B 4=@ B63 0C:9 =4 0CA7<3AA1G1:3 D=:/B7:7BG E67:3 E/53;/@9C> A6=19A
/<2 >@343@3<13 A6=19A 7<831B D/@7/<13 /B :=E 4@3?C3<173A ;>=@B/<B:G B67A 5==2 >3@4=@
;/<13 =4 B63 ;=23: 7A 1=<A7AB3<B E7B6 / 5==2 IB =4 B63 A>31B@C; =4 @3/: E/53A /<2 7B
2=3A <=B @3:G =< 7<1@3270:3 D/:C3A 4=@ B63 C<3;>:=G;3<B 03<3IB /<2 B63 E=@93@ 0/@5/7<7<5
>=E3@ +<4=@BC</B3:G 6=E3D3@ B63 ;=23: B3<2A B= C<23@3AB7;/B3 B63 D/@7/<13 =4 7<D3AB
;3<B 5@=EB6 /B 0CA7<3AA1G1:3 4@3?C3<173A
)31B7=<  >@3A3<BA A=;3 ABG:7H32 4/1BA =4 B63 3C@= /@3/ 0CA7<3AA 1G1:3A )31B7=< 
 27A
1CAA3A B63 A>31B@/ ;/B167<5 3AB7;/B7=< AB@/B35G )31B7=<  A3BA =CB B63 ) ;=23:
)31B7=<  57D3A B63 ;/7< @3AC:BA =< B63 @=:3 =4 D/@7=CA A6=19A /<2 4@71B7=<A 7< A6/>7<5
JC1BC/B7=<A 7< B63 3C@= /@3/ )31B7=<  16319A 4=@ @=0CAB<3AA B= /< /:B3@</B7D3 3AB7;/B7=<
B316<7?C3 )31B7=<  1=<1:C23A
	 ,*# 016)'7#" $!10 ,$ #2/, /#  20'+#00 !6!)#0
*= 3FB@/1B A/:73<B 43/BC@3A =4 /55@35/B3 JC1BC/B7=<A 7< B63 3C@= /@3/  3AB7;/B3 B63 A>31B@/:
23<A7BG =4 A3D3< 93G ;/1@= D/@7/0:3A B63 G3/@:G 5@=EB6 @/B3 =4 @3/: =CB>CB B63 G3/@:G
5@=EB6 @/B3 =4 @3/: 1=<AC;>B7=< B63 G3/@:G 5@=EB6 @/B3 =4 @3/: 7<D3AB;3<B B63 G3/@:G
5@=EB6 @/B3 =4 @3/: E/53A B63 G3/@:G 7<J/B7=< @/B3 B63 A6=@BB3@; <=;7</: 7<B3@3AB @/B3 /<2
B63 D/1/<1G	C<3;>:=G;3<B @/B7= E6716 AC;;/@7H3A B63 B756B<3AA =4 B63 :/0=@ ;/@93B /<2
>:/GA /< 7;>=@B/<B @=:3 7< B63 #=@B3<A3<&7AA/@723A ;=23:  CA3 ?C/@B3@:G =0A3@D/B7=<A
4@=; ' B= 

', =< B63A3 A3D3< D/@7/0:3A *63 />>3<27F 23A1@703A B63 2/B/0/A3
7< 23B/7:A
*63 2/B/ /@3 3F>@3AA32 7< :=5 23D7/B7=<A 4@=; A/;>:3 ;3/<  3AB7;/B3 B63 A>31B@C; =4
B63 B@/<A4=@;32 2/B/ CA7<5 / ,( E7B6 4=C@ :/5A *63 A6=@B :3<5B6 =4 B63 A/;>:3 >@3D3<BA
/ <=<>/@/;3B@71 3AB7;/B7=< =4 B63 2/B/ A>31B@C; =<I23<13 0/<2A /@3 1=;>CB32 CA7<5
B63 >/@/;3B@71 0==BAB@/>>7<5 ;3B6=2A 23A1@7032 0G %6/<7/< 

 75C@3  >:=BA B63
2/B/ B=53B63@ E7B6 B637@ 3AB7;/B32 A>31B@/: 23<A7B73A -3 A33 B6/B 7<D3AB;3<B 5@=EB6 6/A
/ ;C16 :/@53@ D/@7/<13 B6/< =CB>CB 5@=EB6 E67:3 B63 D/@7/<13 =4 1=<AC;>B7=< 5@=EB6 7A
A;/::3@ B6/< B63 =<3 =4 =CB>CB 5@=EB6 *63 D/@7/<13 =4 E/53 5@=EB6 7A @=C56:G 3?C/: B=
B63 D/@7/<13 =4 =CB>CB 5@=EB6 *63 D/@7/<13 =4 B63 D/1/<1G	C<3;>:=G;3<B @/B7= 7A 0G 4/@
B63 :/@53AB /<2 AB3;A 4@=; 0=B6 0CA7<3AA1G1:3 /<2 :=E 4@3?C3<173A =B6 7<J/B7=< /<2 B63
7<B3@3AB @/B3 /@3 B@3<27<5 2=E<E/@2 =D3@ B63 A/;>:3 >3@7=2 3<13 <=B AC@>@7A7<5:G B63A3
BE= D/@7/0:3A 6/D3 ;=<=B=<=CA:G 231@3/A7<5 A>31B@/ <B3@3AB7<5:G B63 A>31B@/: 23<A7B73A =4
B63 G3/@:G 5@=EB6 @/B3A =4 =CB>CB 1=<AC;>B7=< 7<D3AB;3<B /<2 E/53A /@3 /:: 16/@/1B3@7H32
0G / A7<5:3 >3/9 /B >3@7=2  ?C/@B3@A 75C@3  1=;>/@3A B63 A>31B@/: 23<A7B73A =4 3C@= /@3/
/<2 +) 2/B/ 4=@ B63 >3@7=2   

 < B63 +) B63 A>31B@/: 23<A7BG =4 =CB>CB 5@=EB6
3F6707BA BE= >3/9A E6716 1=@@3A>=<2A B= / 
?C/@B3@ 1G1:3 /<2 /< ?C/@B3@ 1G1:3 *63

?C/@B3@ 1G1:3 AB3;A 4@=; 7<D3AB;3<B 5@=EB6 E67:3 B63 ?C/@B3@ 1G1:3 7A 7<63@7B32 4@=;
1=<AC;>B7=< 5@=EB6 *63 >@3A3<13 =4 / 2=;7</<B 1G1:3 =4 >3@7=2   G3/@A 1=;;=<
B= =CB>CB 1=<AC;>B7=< 7<D3AB;3<B /<2 E/53 5@=EB6 AB/<2A /A / 27AB7<5C7A67<5 43/BC@3 =4
;/1@=31=<=;71 JC1BC/B7=<A 7< B63 3C@= /@3/

 &# 0-#!1/ *1!&'+% #01'*1',+ 1#!&+'.2#
*63 A>31B@C; /<2 B63 1=D/@7/<13 53<3@/B7<5 4C<1B7=< /@3 BE= /:B3@</B7D3 E/GA B= AC;;/
@7H3 B63 1=;>:3B3 A3B =4 A31=<2 ;=;3<BA *63 A>31B@C; 7A 1=<D3<73<B B= /</:GA3 1G1:71/:
JC1BC/B7=<A *67A >/>3@ />>:73A /< 3AB7;/B7=< B316<7?C3 E6716 ;7<7;7H3A / 27AB/<13 03
BE33< B63 A>31B@C; =4 B63 ;=23: /<2 B63 A>31B@C; =4 B63 2/B/ *67A '%(&"(# />
>@=/16 ;/93A 7B AB@/756B4=@E/@2 B= E3756B 4@3?C3<173A 27Q3@3<B:G 7< 3AB7;/B7=< A AB@3AA32
*63 A>31B@/: 23<A7BG ;/B@7F 
     231=;>=A3A B63 1=D/@7/<13 ;/B@7F 4@3?C3<1G 0G 4@3?C3<1G
"3B   23<=B3 / 53<3@71 ;/7<27/5=</: 3:3;3<B =4 
    1=@@3A>=<2A B= B63 D/@7/<13 =4 D/@7/0:3
 /B 4@3?C3<1G 

0G 730=:2 %6/<7/< /<2 3@9=E7BH  B67A 43/BC@3 7A />>3/:7<5 B= 3AB7;/B3 / ABG:7H32
;=23: E6716 7A 23A75<32 B= 3F>:/7< >@7;/@7:G A=;3 4@3?C3<173A =4 7<B3@3AB *63 7;>:3;3<
B/B7=< =4 A>31B@/ ;/B167<5 7< B67A >/>3@ 4=::=EA -3< 
"3B 23<=B3A / 1=:C;< D31B=@ AB/197<5 B63 ) ;=23:LA >/@/;3B3@A B= 03 3AB7;/B32
*63 A>31B@/;/B167<5 3AB7;/B=@ 7A 23I<32 0G
  !   
E63@3 B63 27AB/<13 !   7A 57D3< 0G









3@3 23<=B3A B63 3:3;3<B0G3:3;3<B ;C:B7>:71/B7=< * 23<=B3A B63 A/;>:3 A7H3 /<2
	 
     7 A/5 @ 7 2= D 3 @

  *63 4C<1B7=< -  E3756BA B63 /0A=:CB3
D/:C3 =4 B63 27Q3@3<13 03BE33< B63 ;=23: A>31B@C;     /<2 / 1=<A7AB3<B 3AB7;/B3
=4 B63 2/B/ A>31B@C;    /1@=AA 4@3?C3<173A  

   1=;>CB3 B63 B63=@3B71/:
A>31B@C;     27@31B:G 4@=; B63 AB/B3A>/13 @3>@3A3<B/B7=< =4 B63 A=:CB7=< B= B63 :=5
:7<3/@7H32 ) ;=23: A /:@3/2G 3F>:/7<32 7< B63 >@3D7=CA A31B7=< B63 A>31B@C; =4 B63
2/B/ 7A 3AB7;/B32 CA7<5 / ,( E7B6 4=C@ :/5A
;>=@B/<B:G 0G B/97<5 B63 B@/13 =4 ;/B@7F     1=;>:3B3:G 27A@35/@2 B63 =Q27/5=</:
3:3;3<BA E6716 1=<B/7< 7<4=@;/B7=< /0=CB 1@=AA1=D/@7/<13A 3<13 B63 27AB/<13 !  
4=1CA3A >@317A3:G =< B63 7<4=@;/B7=< AC;;/@7H32 7< B63 :34B 1=:C;< =4 75C@3 
*63 E3756B7<5 4C<1B7=< -  B/93A B63 4=::=E7<5 3F>@3AA7=<
-     

 	
    
E63@3 23<=B3A B63 3:3;3<B0G3:3;3<B 27D7A7=< *63 I@AB B3@;    E3756BA 4@3?C3<1G
 /11=@27<5 B= 7BA 1=<B@70CB7=< B= B63 B=B/: D/@7/<13 =4 B63 2/B/ *63 B3@; 7< A?C/@32
0@/193BA />>@=F7;/B3A B63 1=D/@7/<13 ;/B@7F =4 B63 2/B/ B /1BA /A / A1/:7<5 4/1B=@ B6/B
>@3D3<BA B63 ;7<7;7H/B7=< @=CB7<3 1=<13<B@/B7<5 =< B63 D/@7/0:3A E7B6 B63 :/@53AB D/@7
/<13A "==97<5 /B I5C@3  E3 A33 B6/B B67A E3756B7<5 A163;3 7;>:73A B6/B B63 3AB7;/B7=<
AB@/B35G /7;A >@7;/@7:G B= IB B63 D/@7/<13A =4 B63 4=C@ G3/@:G 5@=EB6 @/B3A /<2 B63 D/
1/<1G	C<3;>:=G;3<B @/B7= /B 0CA7<3AA1G1:3 4@3?C3<173A /<2 B63 D/@7/<13A =4 7<J/B7=< /<2
B63 7<B3@3AB @/B3 /B :=E 4@3?C3<173A 75C@3 
 7::CAB@/B3A B63 4/1B B6/B B63 D/@7/<13 =4 G3/@:G
5@=EB6 @/B3A 7A ;/7<:G 1=<13<B@/B32 /B ;327C; 4@3?C3<173A E63@3/A ?C/@B3@:G 5@=EB6 @/B3A

3F6707B 1=<A723@/0:3 >=E3@ /B 6756 4@3?C3<173A 3<13 1=<A723@7<5 G3/@:G 5@=EB6 @/B3A
7<AB3/2 =4 ?C/@B3@:G 5@=EB6 @/B3A /Q31BA B63 A6/>3 =4 B63 E3756B7<5 A163;3
 ,"#)




 /<2 -/:A6 

  7<B@=2C13 B63
A3/@16 /<2 ;/B167<5 ;=23: =4 3?C7:70@7C; C<3;>:=G;3<B 2C3 B= 7/;=<2 #=@B3<A3< /<2
&7AA/@723A 7<B= / AB719G>@713 ;=23: =4 B63 0CA7<3AA 1G1:3 >/@B 4@=; B63 :/0=@ ;/@93B
0:=19 B63 ;=23: 7A A7;7:/@ B= B63 =<3 3AB7;/B32 0G 6@7AB7/<= 7163<0/C; /<2 D/<A







 63<134=@B6  /<2 )- @3A>31B7D3:G <
>/@B71C:/@ B63 ;=23: 43/BC@3A 1/>7B/: /11C;C:/B7=< E7B6 7<D3AB;3<B /28CAB;3<B 1=ABA /<2
D/@7/0:3 1/>7B/: CB7:7H/B7=< />7B/: /11C;C:/B7=< 7<B@=2C13A /< /227B7=</: AB/B3 D/@7/0:3
B63 AB=19 =4 >6GA71/: 1/>7B/: /<2 B63@34=@3 /Q31BA B63 2G</;71A =4 B63 3<2=53<=CA D/@7
/0:3A /A E3:: /A B63 >@=>/5/B7=< =4 B63 D/@7=CA 27ABC@0/<13A #=@3=D3@ B63 >@3A3<13 =4
D/@7/0:3 1/>7B/: CB7:7H/B7=< ;/BB3@A 4=@ B63 23B3@;7</B7=< =4 ;/@57</: 1=ABA /<2 B63@30G
7<J/B7=< 2G</;71A 7</::G /A 7< )- B63 :/E =4 ;=B7=< =4 1/>7B/: 7A 0CQ3B32 0G /<
7<D3AB;3<BA>317I1 B316<=:=5G A6=19 B6/B /Q31BA B63 @/B3 /B E6716 B63 1=<AC;>B7=< 5==2
7A B@/<A4=@;32 7<B= 1/>7B/: 6@7AB=Q3: !C3AB3@ /<2 "7<H3@B 

 63<134=@B6 !" 3A
B7;/B3 / AB719G>@713 ;=23: E7B6 C<3;>:=G;3<B =< 3C@= /@3/ 2/B/ =E3D3@ B637@ ;=23:
2=3A <=B 43/BC@3 1/>7B/: /11C;C:/B7=< )7;7:/@:G B= !@/CA3 /<2 "C079 

  =>B 4=@
M(=B3;03@5 >@717<5N 7<AB3/2 =4 M/:D= >@717<5N 7< =@23@ B= /D=72 B63 B316<71/: 7AAC3A B6/B
/@7A3 7< B63 >@3A3<13 =4 I@;A>317I1 7<>CBA /<2 AB/553@32 >@713 A3BB7<5
 3<13 B63 A/;3
I@;A 4/13 0=B6 AB719G>@713 @75727B73A 7< B637@ =CB>CB ;/@93BA /<2 A3/@16 4@71B7=<A 7< B63
;/@93B 4=@ :/0=@ 7<>CB
*C@<7<5 B= B63 :/0=@ ;/@93B 0:=19 6=C@A >3@ E=@93@ /@3 1=<AB/<B 8=0 23AB@C1B7=< 7A
3F=53<=CA /<2 1=<AB/<B :/0=@ 4=@13 >/@B717>/B7=< 7A 1=<AB/<B /<2 B63@3 7A <= =<B638=0
A3/@16 3<13 I@;A /28CAB :/0=@ 3F1:CA7D3:G B6@=C56 8=0 1@3/B7=</<2 =<:G /:=<5 B63
3FB3<A7D3 ;/@57< 7@;A 4/13 1=<D3F 67@7<5 1=ABA /A 7< ./A67D 

 *67A 43/BC@3 63:>A
B63 ;=23: B= 1/>BC@3 B63 6756 >3@A7AB3<13 7< D/1/<173A /<2 C<3;>:=G;3<B 7</::G /A
7< (/D3<</ /<2 -/:A6 

 <3E 67@3A 031=;3 >@=2C1B7D3 7;;327/B3:G *63@34=@3 B63
@3>@3A3<B/B7D3 I@; 6/A B6@33 ;/@57<A B= /28CAB 7BA =CB>CB :3D3: 7<AB/<B/<3=CA:G 7< @3A>=<A3
B= A6=19A  0G 16/<57<5 7BA >@713  0G D/@G7<5 B63 7<B3<A7BG =4 1/>7B/: CB7:7H/B7=< /<2

 0G /28CAB7<5 7BA E=@9 4=@13 *67A :/AB #'(#(#$)' "&# 7A @3/A=</0:3 E63< B/97<5
<AB3/2 =4 CA7<5 B63 E3756B7<5 4C<1B7=<    1=C:2 E3756B 3/16 4@3?C3<1G 7< 7<D3@A3 >@=>=@B7=< B=
B63 C<13@B/7<BG AC@@=C<27<5 B63 A>31B@C; =4 B63 2/B/ =E3D3@  2=<LB B/93 B67A @=CB3 /A 7B E=C:2 /AA75<
;=AB E3756B B= 6756 4@3?C3<173A < 7<B3@3AB7<5 /:B3@</B7D3 E=C:2 03 B= CA3 / 0/<2>/AA E3756B7<5 A163;3
/AA75<7<5 H3@= E3756B B= :=E /<2 6756 4@3?C3<173A /<2 C<7B E3756B B= 0CA7<3AA1G1:3 4@3?C3<173A

)D33< /<2 -37<93 

 3F>:=@3 B63 7<B3@/1B7=<A =4 /:D= >@717<5 /<2 4=@E/@2:==97<5 67@7<5 2317A7=<A
E7B6 I@;A>317I1 :/0=@
A A6=E< 0G )67;3@ 

 3<2=53<=CA 8=0 23AB@C1B7=< B3<2A B= 23:7D3@ / 1=C<B3@4/1BC/: >=A7B7D3
1=@@3:/B7=< 03BE33< D/1/<173A /<2 C<3;>:=G;3<B
B63 ;=23: B= ?C/@B3@:G 2/B/ #=@3=D3@ 7BA /0A3<13 E=C:2 53<3@/B3 /< 3F13AA D=:/B7:7BG =4
1/>7B/: CB7:7H/B7=< /<2 	 =@ >@713A
)B=16/AB71 A7<5C:/@7BG 7A AB@=<5:G /B =22A E7B6 B63 2/B/ 3<13 B63 ;=23: 7<1=@>=@/B3A
/A ;/<G A6=19A /A =0A3@D/0:3 D/@7/0:3A :C1BC/B7=<A /@3 2@7D3< 0G A3D3< 27ABC@0/<13A /
<3CB@/: B316<=:=5G A6=19 /< 7<D3AB;3<BA>317I1 B316<=:=5G A6=19 / >@343@3<13 A6=19 /
>@713;/@9C> A6=19 / E/53;/@9C> A6=19 /< 3F=53<=CA A>3<27<5 A6=19 /<2 / ;=<3B/@G
>=:71G A6=19 *63 <3CB@/: B316<=:=5G A6=19 4=::=EA / @/<2=; E/:9 E7B6 2@74B /<2 B63
) ;=23: 7A 1=<A7AB3<B E7B6 0/:/<132 5@=EB6 *67A 43/BC@3 /::=EA ;3 B= 23B@3<2 B63
/1BC/: 2/B/ 7< / ;=23:1=<A7AB3<B E/G
*63 31=<=;G 1=<A7ABA =4 / @3>@3A3<B/B7D3 4/;7:G / @3>@3A3<B/B7D3 I<7A632 5==2A>@=2C17<5
I@; / 1=<B7<CC; =4 7<B3@;327/B3 5==2A>@=2C17<5 I@;A 7<23F32 0G 4 
 / 13<B@/:
0/<9 /<2 / 5=D3@<;3<B B6/B A3BA ;=<3B/@G /<2 IA1/: >=:71G @3A>31B7D3:G  <=E 23A1@703
B63 036/D7=@ =4 B63A3 /53<BA
 &# /#-/#0#+11'3# &,20#&,)"
*63@3 7A / 1=<B7<CC; =4 723<B71/: 6=CA36=:2A =4 ;/AA =<3 /16 6=CA36=:2 7A / :/@53 4/;7:G
;/23 =4 / 1=<B7<CC; =4 7<27D72C/:A =4 ;3/AC@3 =<3 /16 >3@7=2 /< 7<27D72C/: 7A 37B63@
E=@97<5 =@ A3/@167<5 4=@ / 8=0 =::=E7<5 #3@H  4/;7:G ;3;03@A >3@431B:G A3:47<AC@3
B63;A3:D3A /5/7<AB B63 C<3;>:=G;3<B @7A9 0G >==:7<5 B637@ 7<1=;3 E/53 =@ C<3;>:=G;3<B
03<3IBA 3/16 >3@7=2 *63 63/2 =4 B63 4/;7:G 16==A3A >3@ 1/>7B/ 1=<AC;>B7=< B= ;/F7;7H3
B63 3F>31B32 CB7:7BG =4 B63 @3>@3A3<B/B7D3 4/;7:G ;3;03@ *63 @3>@3A3<B/B7D3 6=CA36=:2
3<B3@A 3/16 >3@7=2 9 
    E7B6  	 0=<2A /<2 $ 	 C<7BA =4 >6GA71/: 1/>7B/: B B63
0357<<7<5 =4 3/16 >3@7=2 0=<2A ;/BC@3 >@=D727<5  	 C<7BA =4 ;=<3G *63 4/;7:G CA3A
A=;3 =4 B67A ;=<3G B= >C@16/A3  <3E 0=<2A /B <=;7</: 1=AB 7
  E63@3 7
 23<=B3A B63
5@=AA <=;7</: 7<B3@3AB @/B3 03BE33< >3@7=2 9 /<2 9	 /16 >3@7=2 ' 4 4/;7:G ;3;03@A
/@3 3;>:=G32 /B 7<B3@;327/B35==2A>@=2C17<5 I@; 4 
 /16 E=@93@ 3;>:=G32 /B
I@; 4 E=@9A / IF32 /;=C<B =4 6=C@A /<2 3/@<A B63 <=;7</: E/53 - 4 ' 23<=B3A





*63 @3;/7<7<5  ' 4/;7:G ;3;03@A /@3 C<3;>:=G32 /<2 3/16 @3137D3A <=;7</: C<
3;>:=G;3<B 03<3IB 0 I</<132 B6@=C56 :C;>AC; B/F3A +<3;>:=G;3<B 03<3IB 0 7A





E63@3 7A B63 @3>:/13;3<B @/B7=
*63 6=CA36=:2 =E<A 1/>7B/: /<2 16==A3A B63 1/>7B/: CB7:7H/B7=< @/B3 : E6716 B@/<A4=@;A
>6GA71/: 1/>7B/: 7<B= 3Q31B7D3 1/>7B/: /11=@27<5 B=
$  :$ 	 
*63 1=AB =4 1/>7B/: CB7:7H/B7=< 7A : >3@ C<7B =4 >6GA71/: 1/>7B/:  /AAC;3 B63 4=::=E7<5
4C<1B7=</: 4=@; 4=@ B63 4C<1B7=< 




 :  

  
/<2 B6/B : 7< AB3/2G AB/B3 *63 :/E =4 ;=B7=< 4=@ >6GA71/: 1/>7B/: 7A




E63@3 23<=B3A B63 23>@317/B7=< @/B3 *63 4C<1B7=< ) 1/>BC@3A B63 >@3A3<13 =4 /28CAB;3<B














E63@3 2 7A B63 AB3/2GAB/B3 5@=EB6 @/B3 =4 7<D3AB;3<B 3<13 /:=<5 B63 0/:/<132 5@=EB6
>/B6 ) 2) 2 
/<2 ) 2 
  *63 7<D3AB;3<BA>317I1 B316<=:=5G A6=19
 4=::=EA B63 AB/B7=</@G /CB=@35@3AA7D3 >@=13AA
    	 	   
E63@3  7A 441' 
 
  *63 6=CA36=:2 @3<BA $ 4 C<7BA =4 3Q31B7D3 1/>7B/: B= 7<B3@;327/B3
5==2A>@=2C17<5 I@; 4 
 /B B63 <=;7</: @/B3 7






C@7<5 >3@7=2 9 B63 @3>@3A3<B/B7D3 6=CA36=:2 @3137D3A B=B/: <=;7</: 4/1B=@ >/G;3<BA
7
 $ 	 -' 	  '0 < /227B7=< B63 6=CA36=:2 /:A= @3137D3A <=;7</: >@=IBA  4
4@=; 3/16 I@; 4 






 <3 / 1 6> 3 @ 7 = 29
     B63 4/;7:G CA3A B63A3 @3A=C@13A B= >C@16/A3 I<7A632 5==2A
4=@ 0=B6 1=<AC;>B7=< /<2 7<D3AB;3<B >C@>=A3A 4@=; B63 @3>@3A3<B/B7D3 I<7A632 5==2A
>@=2C17<5 I@; /B B63 <=;7</: >@713 ( =@ /:: 9 
    B63 4/;7:GLA 0C253B 1=<AB@/7<B
7A 57D3< 0G
( 	 (" 	 7

  	 	 -' 	  '0 	 7

 :$ 	 
( :$ 	 * 	 
*63 4/;7:GLA :743B7;3 CB7:7BG 7A 23A1@7032 0G


/     3 	 
E63@3 
  *63 >@343@3<13 A6=19 / 4=::=EA B63 /CB=@35@3AA7D3 >@=13AA
/  /  		  
E63@3 




  B63 ;=23: /::=EA 4=@ 7<B3@</: 6/07B
4=@;/B7=< 7< 1=<AC;>B7=< /<2 1=<AC;>B7=< @3A>=<2A 5@/2C/::G B= A6=19A "/0=@ AC>>:G
7A 4C::G 7<3:/AB71 /A 6=C@A >3@ E=@93@ /@3 1=<AB/<B /<2 B63@3 7A <= :/0=@ 4=@13 >/@B717>/B7=<
2317A=< *63 63/2 =4 B63 4/;7:G 16==A3A   : " /<2 $ 4=@ 3/16 9 
      B=
;/F7;7H3 B63 3F>31B32 :743B7;3 CB7:7BG  AC0831B B= B63 1=<AB@/7<BA  /<2  *63








E63@3  23<=B3A B63 ;C:B7>:73@ =<  /<2 ;3/AC@3A B63 6=CA36=:2LA ;/@57</: CB7:7BG =4







:    	   








 23<=B3A B63 @3/: @3<B/: @/B3 4=@ 1/>7B/:




























$    
	

  	 	 7

	:	 /:	  
E63@3  7A B63 ;/@57</: *=07<LA ' 7< >3@7=2 9
	 &# /#-/#0#+11'3# 8+'0&#" %,,"0-/,"2!'+% 8/*
C@7<5 3/16 >3@7=2 9 
      B63 @3>@3A3<B/B7D3 I<7A632 5==2A>@=2C17<5 I@; CA3A
. 4 C<7BA =4 3/16 7<B3@;327/B3 5==2 4 
 >C@16/A32 /B B63 <=;7</: >@713 ( 4










E63@3  5=D3@<A B63 3:/AB717BG =4 AC0AB7BCB7=< /1@=AA 27Q3@3<B7/B32 I<7A632 5==2A *67A
3:/AB717BG 3D=:D3A 3F=53<=CA:G =D3@ B7;3 /11=@27<5 B= B63 /CB=@35@3AA7D3 >@=13AA
     	   		  

E63@3 
    /<2  7A 441' 
 






 B67A 3F=53<=CA AB=16/AB71 >@=13AA B@/<A:/B3A 7<B= / A6=19 B= B63 ;/@9C> =4
>@713 =D3@ <=;7</: ;/@57</: 1=AB *67A A6=19 A6=EA C> 7< B63 $3E !3G<3A7/< &67::7>A 1C@D3
7< / A7;7:/@ E/G /A B63 1=AB>CA6 A6=19 7<B@=2C132 0G :/@72/ /:7 /<2 3@B:3@ 
<B3@;327/B3 5==2 4 A3::A /B B63 <=;7</: >@713 ( 4 E67:3 B63 I<7A632 5==2 A3::A /B
B63 <=;7</: >@713 ( 7D3< B63A3 >@713A B63 I<7A632 5==2A>@=2C17<5 I@; 16==A3A . /<2
. 4 4=@ /:: 4 




( 4. 414 
AC0831B B= B63 1=<AB@/7<B  4=@ 3/16 9 
      *63 I@AB=@23@ 1=<27B7=<A 4=@ B67A
>@=0:3; /@3  E7B6 3?C/:7BG /<2
. 4
(  4 
( 

.   
4=@ /:: 4 
 /<2 9 
    =;>3B7B7=< 7< B63 ;/@93B 4=@ B63 I<7A632 5==2 2@7D3A











 &# /#-/#0#+11'3# '+1#/*#"'1# %,,"0-/,"2!'+% 8/*
/16 7<B3@;327/B3 5==2A>@=2C17<5 I@; 4 
 3<B3@A >3@7=2 9 E7B6 ' 	 4 3;>:=G33A
B B63 0357<<7<5 =4 >3@7=2 9  	 4 8=0A /@3 23AB@=G32 E63@3 7A B63 8=0 23AB@C1B7=<
@/B3 *63  	 E=@93@A E6= 6/D3 :=AB B637@ 8=0A AB/@B A3/@167<5 7;;327/B3:G *63 AB=19
=4 3;>:=G33A /B I@; 4 3D=:D3A /11=@27<5 B=
' 4   ' 	 4	5  4  
5 4 23<=B3A B63 J=E =4 <3E 3;>:=G33A 67@32 0G I@; 4 7< >3@7=2 9 /<2 7A 3?C/: B=
5 46  ,  4  
E63@3 , 4 23<=B3A D/1/<173A >=AB32 0G I@; 4 /<2 6 7A B63 /55@35/B3 >@=0/07:7BG =4 I::7<5
/ D/1/<1G -=@93@A 67@32 7< >3@7=2 9 B/93 >/@B B= >3@7=2 9 >@=2C1B7=< A  6/D3 AB@3AA32
/0=D3 B67A B7;7<5 /AAC;>B7=< >@3D3<BA 3F13AA D=:/B7:7BG 7< 1/>7B/: CB7:7H/B7=< /<2 7<J/B7=<
55@35/B3 3;>:=G;3<B ' 3D=:D3A /11=@27<5 B=
'   ' 	 	 5 
E63@3 5 
	
 5 414 23<=B3A /55@35/B3 ;/B163A 7< >3@7=2 9 )7;7:/@:G B63 /55@35/B3
<C;03@ =4 D/1/<173A 7A 3?C/: B= , 
	
 , 414 *63 >==: =4 8=0 A3393@A 7< >3@7=2 9
23<=B32 0G ) 7A 57D3< 0G
)   ' 	 


/16 >3@7=2 A=;3 D/1/<173A /<2 8=0 A3393@A @3;/7< C<;/B1632 2C3 B= A3/@16 4@71B7=<A
A / 1=<A3?C3<13 / I@;E=@93@ >/7@ 3<8=GA / 8=7<B AC@>:CA 4@=; B63 =<5=7<5 @3:/B7=<A67>
03BE33< B63 BE= >/@B73A *63 ;/B167<5 >@=13AA 7A 23A1@7032 0G B63 4=::=E7<5 1=<AB/<B
@3BC@<AB=A1/:3 4C<1B7=<




E63@3 7A / A1/:3 >/@/;3B3@ B6/B 1/>BC@3A B63 3P173<1G =4 B63 ;/B167<5 B316<=:=5G *63













7</::G /55@35/B3 C<3;>:=G;3<B 7< >3@7=2 9 7A 23I<32 /A
+  ' 

C@7<5 3/16 >3@7=2 9 
    I@; 4 1=;07<3A ' 4 3;>:=G33A E7B6 $ 4 C<7BA =4




 $  4  '  4 
	  

 7A / <3CB@/: B316<=:=5G A6=19 E6=A3 5@=EB6 @/B3 =  	 4=::=EA B63 AB/B7=</@G
>@=13AA 23A1@7032 0G
= =	 # 

E63@3 # 7A 441' 
 

# /<2 =23<=B3A B63 AB3/2GAB/B3 5@=EB6 @/B3 =4 B63 31=<=;G
=::=E7<5 ./A67D 

 I@;A 4/13 1=<D3F 67@7<5 1=ABA ;3/AC@32 7< B3@;A =4 B63 I<7A632
5 = = 2/ < 25 7 D 3 <0 G











<B3@;327/B3 5==2A AC0AB7BCB3 7;>3@431B:G 4=@ =<3 /<=B63@ 7< B63 >@=2C1B7=< 4C<1B7=<
=4 B63 @3>@3A3<B/B7D3 I<7A632 5==2A>@=2C17<5 I@; 3<13 3/16 7<B3@;327/B3 5==2A
>@=2C17<5 I@; 4 
 A3::A 7BA =CB>CB . 4 7< / ;=<=>=:7AB71/::G 1=;>3B7B7D3 ;/@93B
A3BB7<5 ( 4 B63 >@713 =4 7BA =E< >@=2C1B E7B6 B63 1=;;7B;3<B =4 A/B7A4G7<5 B63 23;/<2
4=@ 5==2 4 /B B6/B >@713 *= /D=72 B63 27P1C:B73A /@7A7<5 4@=; B63 1=;07</B7=< =4 I@;
A>317I1 :/0=@ /<2 AB/553@32 >@713 A3BB7<5  7<B@=2C13 <=;7</: @75727B73A B6@=C56 ?C/2@/B71
>@713/28CAB;3<B 1=AB =::=E7<5 (=B3;03@5  3/16 7<B3@;327/B3 5==2A>@=2C17<5
I@; 4/13A 1=ABA =4 /28CAB7<5 7BA <=;7</: >@713 03BE33< >3@7=2A ;3/AC@32 7< B3@;A =4 B63










E63@3  23<=B3A B63 AB3/2GAB/B3 5@=AA @/B3 =4 7<J/B7=< *63 :/0=@ /<2 >@713 /28CAB;3<B
1=ABA ;/93 B63 I@;LA >@=0:3; 2G</;71 *63 I@; 16==A3A $ 4'  4 ,  4 .  4 /<2
( 4 4=@ /:: 9 










( ;3/AC@3A B63 6=CA36=:2LA CB7:7BG =4 /< /227B7=</: 3C@= /<2  4 23<=B3A

<=;7</: >@=IBA
 4(   4  .   4  -   4  '   4  7


















AC0831B B= B63 1=<AB@/7<BA
. 4
(   4 
( 

.   

. 4 $ 4 ' 4
	  
' 4  	  4 	6 ,  4  
E63@3  7A B63 8=0 AC@D7D/: @/B3 *63 I@; B/93A B63 <=;7</: E/53 /A 57D3< E63<
;/F7;7H7<5 27A1=C<B32 3F>31B32 4CBC@3 >@=IBA *63 I@AB =@23@ 1=<27B7=<A 4=@ B63 >@=0:3;
=4 B63 @3>@3A3<B/B7D3 7<B3@;327/B3 5==2A>@=2C17<5 I@; /@3 B63< 57D3< 0G
$ 47

   4 
	
 $  4 
	'  4 
	  

( 4  




























  4 

  4   $ 4 
	

















'  4 
<  4  
 4'  4   	 4 	6 ,  4  
 4
	
 $  4  '  4 
	 
(  4 
( 

.   
E63@3 ; 4-  4 ( 23<=B3A B63 @3/: E/53  4  4  ;3/AC@3A I@; 4 LA @3/:
;/@57</: 1=AB 7< >3@7=2 9  4 ;3/AC@3A B63 D/:C3 B= I@; 4 3F>@3AA32 7< CB7:A =4 /<
!@/CA3 /<2 "C079 

 A6=E B6/B 7<B@/I@; 0/@5/7<7<5 6/A <35:7570:3 ?C/<B7B/B7D3 3Q31BA =< :/0=@
;/@93B 2G</;71A




< 4 <4 
  4 












<	 4  
*67A 1=<27B7=< B3::A CA B6/B B63 1=ABA /<2 03<3IBA =4 67@7<5 /< /227B7=</: E=@93@ ;CAB 03
3?C/:
 %# 0#11'+%
 =0A /<2 E=@93@A /B / 57D3< 7<B3@;327/B3 5==2A>@=2C17<5 I@; /@3 6=;=53<3=CA "3B
- 
 4 23<=B3A B63 <=;7</: E/53 >/72 4=@ /<G 8=0 /B I@; 4 7< >3@7=2 9 /16 >3@7=2
- 
 4 7A A3B B6@=C56 07:/B3@/: $/A6 0/@5/7<7<5 03BE33< / E=@93@ /<2 7BA 3;>:=G3@
-







	   

E63@3 )
 4 /<2 # 4 23<=B3 @3A>31B7D3:G B63 AC@>:CA =4 B63 @3>@3A3<B/B7D3 E=@93@ /B I@;
4 /<2 B63 AC@>:CA =4 I@; 4 =::=E7<5 *@75/@7 

 )
 4 7A 23I<32 /A B63 16/<53 7<
B63 4/;7:GLA D/:C3 4C<1B7=< 4@=; 6/D7<5 =<3 /227B7=</: ;3;03@ 3;>:=G32 =B6 )
 4
/<2 # 4 /@3 3F>@3AA32 7< <=;7</: B3@;A  23<=B3A B63 E=@93@LA 0/@5/7<7<5 >=E3@ E6716
3D=:D3A 3F=53<=CA:G =D3@ B7;3 /11=@27<5 B=
     	   	 	   
E63@3 
  /<2  7A 441' 
 
 * 6 3E = @ 9 3 @ L AA C @ > : C A7 A5 7 D 3 <0 G
)








	 4  
7@; 4 LA AC@>:CA 7A 3?C/: B= (

 E63@3  4 23<=B3A B63 ;/@57</: CB7:7BG D/:C3 =4 / 8=0
# 4
















*63 I@AB =@23@ 1=<27B7=< 4=@ 
 7A 57D3< 0G
 )

 4  #  4  
)C0AB7BCB7<5 B63 3F>@3AA7=<A =4 B63 E=@93@LA /<2 I@;LA AC@>:CA3A 7<B= B63 I@AB =@23@ 1=<27
B7=< /<2 CA7<5 )




 4  ( 
















8	<	 4 	  0
*63 $/A6 E/53 7A / 1=<D3F 1=;07</B7=< =4 4=@35=<3 C<3;>:=G;3<B 03<3IBA 0 /<2 B63 AC;
=4 B63 ;/@57</: D/:C3 >@=2C1B =4 :/0=@ /<2 1C@@3<B /<2 4CBC@3 A/D7<5A =< :/0=@ /28CAB;3<B
1=ABA *63 AB/B7=</@7BG =4 B63 C<3;>:=G;3<B @/B3 67<53A =< B63 @3/: E/53 5@=E7<5 /:=<5
B63 0/:/<132 5@=EB6 >/B6 *63 @3/: E/53 7<63@7BA B63 1=;;=< AB=16/AB71 B@3<2 4@=; 0=B6
@3/: 67@7<5 1=ABA /<2 @3/: C<3;>:=G;3<BA 03<3IBA
 &# #*-'/'!) 4%# +" '+91',+ #.21',+0
34=@3 B/97<5 B63 ;=23: B= B63 2/B/ 7< B63 4=::=E7<5 A31B7=<A  4=::=E @3:/<2 

 0G
/227<5 :/5532 7<J/B7=<  	 7<B= B63 :=5:7<3/@7H32 $3E !3G<3A7/< &67::7>A 1C@D3 3<13
B63 "%&! 7<J/B7=< 3?C/B7=< 7A 57D3< 0G








 @3J31BA B63 7;>=@B/<13 =4 0/19E/@2:==97<5 >@713 A3BB7<5 036/D
7=@ )3BB7<5 
  B63 &67::7>A 1C@D3 1=::/>A3A B= 7BA ;71@=4=C<232 >C@3:G 4=@E/@2 :==97<5
3F>@3AA7=< G 3AB7;/B7<5   E7:: :3B B63 2/B/ 16==A3 B63 235@33 =4 7<J/B7=< 7<3@B7/
)7;7:/@:G 4=::=E7<5 /:: 

  /AAC;3 B6/B B63 @3/: E/53 ; 7A / 1=<D3F 1=;07</B7=< =4
B63 >@3D7=CA >3@7=2 @3/: E/53 ; 	 /<2 B63 1C@@3<B >3@7=2 @3/: $/A6 E/53 ;
 
;  !; 		  !;

 
*63 >/@/;3B3@ ! 
 5=D3@<A B63 ;/5<7BC23 =4 @3/: E/53 7<3@B7/ G 3AB7;/B7<5 !
 E7:: :3B B63 2/B/ A3:31B B63 235@33 =4 @3/: E/53 7<3@B7/ )67;3@ 

 /<2 /:: 


6/D3 A6=E< B6/B @3/: E/53 AB7197<3AA 63:>A B63 A3/@16 /<2 ;/B167<5 ;=23: B= @3>:71/B3 B63
D=:/B7:7BG =4 B63 D/1/<1G	C<3;>:=G;3<B @/B7=

 ,3#/+*#+1
*63 13<B@/: 0/<9 /28CABA B63 <=;7</: 7<B3@3AB @/B3 7














 23<=B3A B63 B/@53B :3D3: =4 =CB>CB   (( 	 7A B63 ?C/@B3@:G 5@=AA 7<J/B7=<
@/B3 /<2  7A /< 441' 
 

 ;=<3B/@G >=:71G A6=19 *63 B/@53B :3D3: =4 =CB>CB . 


7A 23I<32 /A B63 :3D3: =4 =CB>CB 7< B63 J3F70:3>@713 31=<=;G    
 E7B6 <= ;/@9C>
A6=19A  
/<2  
4=@ /:: 9  *63 5=D3@<;3<B 0C253B 1=<AB@/7<B 7A 57D3< 0G




 	 	 * 
E63@3 * 23<=B3A <=;7</: :C;>AC; B@/<A43@A &C0:71 A>3<27<5 7A /< 3F=53<=CA B7;3





E63@3 2 3D=:D3A /11=@27<5 B=
2    2 	  2 	 	  





 6**#1/'! #.2')' /'2*
< / AG;;3B@71 3?C7:70@7C; /:: 7<B3@;327/B3 5==2A>@=2C17<5 I@;A ;/93 723<B71/: 2317
A7=<A A= B6/B . 4.  (  4 (  '  4 '  ,  4 ,  $  4 $ 4=@ /:: 4 

/<2 9 
    #=@3=D3@ E=@93@A /@3 6=;=53<3=CA /<2 /:: E=@93@A /B / 57D3< I@; 4
@3137D3 B63 A/;3 <=;7</: E/53 - 4 A= B6/B - 4- 4=@ /:: 4 
 /<2 9 
   
*63 /55@35/B3 @3A=C@13 1=<AB@/7<B 7A =0B/7<32 0G /55@35/B7<5 B63 6=CA36=:2 0C253B 1=<















.   	 " 	 /:$ 	 
 ,"#) 0,)21',+
%CB>CB 1=<AC;>B7=< 7<D3AB;3<B 1/>7B/: /<2 B63 @3/: E/53 A6/@3 B63 AB=16/AB71 B@3<2
7<2C132 0G B63 C<7B @==B >@=13AA 4=@ <3CB@/: B316<=:=571/: >@=5@3AA < B63 /0A3<13 =4 A6=19A
B63 31=<=;G 1=<D3@53A B= / AB3/2GAB/B3 5@=EB6 >/B6 7< E6716 /:: AB/B7=</@G D/@7/0:3A /@3
1=<AB/<B  I@AB @3E@7B3 B63 ;=23: 7< B3@;A =4 AB/B7=</@G D/@7/0:3A /<2 B63< :=5:7<3/@7H3
B63 B@/<A4=@;32 ;=23: 31=<=;G /@=C<2 7BA 23B3@;7<7AB71 AB3/2GAB/B3 *67A />>@=F7;/B3
;=23: 1/< B63< 03 A=:D32 CA7<5 AB/<2/@2 ;3B6=2A
 !,+,*#1/'! 01/1#%6 +" /#02)10
*63 ;/1@=31=<=;3B@71 ;=23: 1=<B/7<A 
 4@33 >/@/;3B3@A  1/:70@/B3 A3D3< >/@/;3B3@A
>@7=@ B= 3AB7;/B7=< A33 */0:3  *63 ?C/@B3@:G 23>@317/B7=< @/B3 7A A3B 3?C/: B= 


/ D/:C3 1=;;=<:G CA32 7< B63 :7B3@/BC@3 =::=E7<5 !"  A3B B63 D/1/<1G I::7<5 @/B3 6
3?C/: B= 
  A3B B63 5=D3@<;3<B A>3<27<5	=CB>CB @/B7= !. 
  
 7</::G B63 AB3/2G
AB/B3 D/:C3A =4 B63 C<3;>:=G;3<B @/B3 + B63 @/B3 =4 7<J/B7=< B63 <=;7</: 7<B3@3AB @/B3
7 /<2 B63 5@=EB6 @/B3 =4 =CB>CB = /@3 A3B 3?C/: B= B637@ @3A>31B7D3 A/;>:3 /D3@/53A
+A7<5 B63 A3D3< B7;3 A3@73A >:=BB32 7< 75C@3   3AB7;/B3 B63 @3;/7<7<5  >/@/;3B3@A 0G
A>31B@/ ;/B167<5 -7B67< B63 3AB7;/B7=< /:5=@7B6;  @3AB@71B B63 >/@/;3B3@ A>/13 B= B63
23B3@;7</1G @357=<
 ,2/!#0 ,$  20'+#00!6!)# 92!121',+0 '+ 1&# #2/, /#
-6/B /@3 B63 A=C@13A =4 0CA7<3AA 1G1:3A 7< B63 3C@= /@3/ 75C@3  >:=BA B63 A>31B@/:
23<A7B73A =4 B63 A3D3< =0A3@D/0:3A 7< B63 3AB7;/B32 ;=23: /<2 A6=EA B63 1=<B@70CB7=< =4
3/16 A6=19 &@713;/@9C> A6=19A 3;3@53 /A B63 ;/7< A=C@13 =4 0CA7<3AA1G1:3 JC1BC/B7=<A
7< B63 3C@= /@3/ < >/@B71C:/@ >@713;/@9C> A6=19A /@3 93G B= /::=E7<5 B63 ;=23: B=
@3>:71/B3 B63 16/@/1B3@7AB71 A>31B@/: A6/>3 =4 3C@= /@3/ ;/1@= D/@7/0:3A &@713;/@9C>
A6=19A 53<3@/B3 B63 2=;7</<B 1G1:3 =4  ?C/@B3@A B6/B E3 =0A3@D3 7< B63 5@=EB6 @/B3A
=4 =CB>CB 1=<AC;>B7=< /<2 E/53A /<2 /:A= /11=C<B 4=@ B63 ;/7< 1G1:3 =4 
 ?C/@B3@A 7<
B756B<3AA *63A3 27ABC@0/<13A 3F>:/7< /0=CB =<3 6/:4 =4 B63 D/@7/<13 =4 B63A3 4=C@ D/@7/0:3A
*63 ;=23: /BB@70CB3A B63 @3;/7<7<5 6/:4 ;/7<:G B= E/530/@5/7<7<5 A6=19A /<2 B= / :3AA3@
3FB3<B ;=<3B/@G >=:71G A6=19A 3<13 B63 BE= ;/7< A=C@13A =4 0CA7<3AA1G1:3 JC1BC/B7=<A
7< B63 3C@= /@3/ /@3 AC>>:G A6=19A B6/B ;=D3 =CB>CB /<2 7<J/B7=< 7< =>>=A7B3 27@31B7=<A
*67A @3AC:B 7A 7< :7<3 E7B6 0=B6 );3BA /<2 -=CB3@A 





A7;7:/@ 3D723<13 4=@ B63 +) 31=<=;G 75C@3A  /<2  >:=B 7;>C:A3 @3A>=<A3A B= / >@713
;/@9C> A6=19 /<2 / E/530/@5/7<7<5 A6=19 @3A>31B7D3:G <B3@3AB7<5:G 0=B6 27ABC@0/<13A
53<3@/B3 / >=A7B7D3 1=;=D3;3<B 03BE33< =CB>CB 1=<AC;>B7=< 7<D3AB;3<B /<2 B756B<3AA
*63A3 BE= A6=19A ;/7<:G 27Q3@ 7< B637@ 3Q31BA =< E/53A >@713 ;/@9C> A6=19A B@7553@
>@=1G1:71/: D/@7/B7=<A 7< E/53A E67:3 E/53 0/@5/7<7<5 A6=19A 1/CA3 1=C<B3@1G1:71/: E/53A
;=D3;3<BA =B6 27ABC@0/<13A 6=E3D3@ 4/7: B= 53<3@/B3 :/@53 JC1BC/B7=<A 7< 7<D3AB;3<B
=E B= 7<B3@>@3B B63 I<27<5 B6/B >@713;/@9C> A6=19A 3;3@53 /A B63 ;/7< A=C@13 =4
0CA7<3AA1G1:3 JC1BC/B7=<A 7< B63 3C@= /@3/ */97<5 B63 ) ;=23: A3@7=CA:G / AB@71B
7<B3@>@3B/B7=< 7A B6/B B63A3 A6=19A 1=@@3A>=<2 B= 3F=53<=CA D/@7/B7=<A 7< B63 235@33 =4 I@;A
;/@93B >=E3@ =@ 3F/;>:3 1=AB>CA6 A6=19A E7:: /11=C<B 4=@ 16/<53A 7< B63 235@33 =4
1=;>3B7B7=< 1/CA32 4=@ 3F/;>:3 0G <3E :357A:/B7=<A @3:/B32 B= 3<B@G =@ 4CBC@3 @3A3/@16
7B E=C:2 03 7<B3@3AB7<5 B= :==9 4=@ A=;3 </@@/B7D3 3D723<13 @35/@27<5 3>7A=23A =4 >@=2C1B
;/@93BA 23@35C:/B7=< 7< B63 3C@= /@3/ /<2 B= 1=;>/@3 B67A </@@/B7D3 3D723<13 E7B6 B63
A6=19 3AB7;/B3A /<2 67AB=@71/: 231=;>=A7B7=<A =0B/7<32 4@=; B63 ;=23: < /227B7=<
7< AC16 / ABG:7A32 ) ;=23: E3 1/< /:A= /::=E 4=@ / 0@=/23@ 7<B3@>@3B/B7=< =4 B63A3
27ABC@0/<13A =@ 3F/;>:3 B63 ;=23: ;/G CA3 1=AB>CA6 A6=19A B= /11=C<B 4=@ D/@7/B7=<A
03:: /<2 /3493 

 CA3 / $3E !3G<3A7/< ;=23: E7B6 :/0=@ A3/@16 B= ABC2G B63 @3:/B7=<A67>
03BE33< >@=2C1B ;/@93B 3<B@G @35C:/B7=< /<2 3?C7:70@7C; C<3;>:=G;3<B 7< B63 +)
7< =7: /<2 1=;;=27BG >@713A A33 :/<16/@2 /<2 /:7 


	 #6 $/'!1',+0 $,/ 1&# -/,-%1',+ ,$ 0&,!(0 '+ 1&# #2/, /#
*/0:3 
 @3>=@BA 3AB7;/B3A =4 B63 AB@C1BC@/: >/@/;3B3@A =0B/7<32 0G A>31B@/ ;/B167<5 )&
/A E3:: /A 
 0==BAB@/>>32 1=<I23<13 7<B3@D/:A *E= 3AB7;/B3A AB/<2 =CB 7@AB B63




 4=@ B63 3C@= /@3/ *67A :/@53 D/:C3 3F>:/7<A E6G B63 ;=23: C<23@>@3271BA B63
D/@7/<13 =4 7<D3AB;3<B )31=<2 B63 1=3P173<B 7< 4@=<B =4 :/5532 7<J/B7=< 7< B63 6G0@72
<3E !3G<3A7/< &67::7>A 1C@D3 7A 1:=A3 B=  B63@30G AB@=<5:G @3831B7<5 / >C@3:G 4=@E/@2
:==97<5 A>317I1/B7=< 11=@27<5 B= B63 ;=23: 7<J/B7=< <3/@:G 036/D3A /A / C<7B @==B
>@=13AA 2@7D3< 0G >@713;/@9C> 27ABC@0/<13A *63 3AB7;/B32 6756 235@33 =4 0/19E/@2
:==97<5<3AA 7< >@713 A3BB7<5 53<3@/B3A D3@G >3@A7AB3<B 2G</;71A 7< 7<J/B7=< =E3D3@ B63
/1BC/: 036/D7=@ =4 7<J/B7=< /<2 B63 7<B3@3AB @/B3 1@3/B3A /< =0AB/1:3 4=@ 3AB7;/B7=< <
75C@3  E3 A33 B6/B B63 7<J/B7=< @/B3 /<2 B63 7<B3@3AB @/B3 A6/@3 / 1=;;=< 2=E<E/@2
A:=>7<5 B@3<2 =D3@ B63 A/;>:3 >3@7=2 <AB3/2 B63 ;=23: /AAC;3A B6/B 0=B6 7<J/B7=< /<2
B63 7<B3@3AB @/B3 /@3 AB/B7=</@G /@=C<2 / 1=<AB/<B ;3/< <B@=2C17<5 / >3@;/<3<B A6=19
B= B63 13<B@/: 0/<9LA 7<J/B7=< B/@53B A6=C:2 B63@34=@3 7;>@=D3 B63 1=<5@C3<1G =4 B63 ;=23:
E7B6 B63 2/B/ *67A ;=27I1/B7=< E=C:2 >@=0/0:G /Q31B B63 3AB7;/B3 =4 B63 1=3P173<B 7<
4@=<B =4 :/5532 7<J/B7=< =E3D3@ 031/CA3 7B 27A@35/@2A 7<4=@;/B7=< @3:/B32 B= 4@3?C3<173A
A;/::3@ B6/< 

 B63 A>31B@/ ;/B167<5 3AB7;/B7=< B316<7?C3 7A :793:G B= 03 ;=@3 @=0CAB
B= B67A 97<2 =4 ;7AA>317I1/B7=< B6/< / 4C::7<4=@;/B7=< :793:76==20/A32 ;3B6=2
*63 4=::=E7<5 3AB7;/B3A /@3 0@=/2:G 7< :7<3 E7B6 B63 3F7AB7<5 3D723<13 *63 >@713 /2
8CAB;3<B 1=AB    7;>:73A B6/B >@713A 7< B63 3C@= /@3/ /@3 @3=>B7;7H32 =< /D3@/53
=<13 3D3@G 3756B ?C/@B3@A *67A I5C@3 7A 7< :7<3 E7B6 )- 


 *63 2/B/ >=7<B B=E/@2A
/ D3@G 6756 235@33 =4 7<B3@3AB@/B3 A;==B67<5 *63 @3/1B7=< B= B63 =CB>CB 5/> 7A 0/A71/::G
H3@= *63 :=E 235@33 =4 6/07B >3@A7AB3<13 7A /AA=17/B32 B= / 6756:G >3@A7AB3<B >@343@3<13
A6=19 *63 3:/AB717BG =4 B63 ;/B167<5 4C<1B7=< B= C<3;>:=G;3<B 7A 7< :7<3 E7B6 B63 3F7AB7<5
:7B3@/BC@3 )33 !" /<2 &3B@=<5=:= /<2 &7AA/@723A 

 *63 @3>:/13;3<B @/B3 
   
7A 1=<A7AB3<B E7B6 B63 3D723<13 >@=D7232 0G !" =< C<3;>:=G;3<B 7<AC@/<13 7< B63 3C@=
/@3/ *63 =CB>CB A6/@3 =4 67@7<5 1=ABA 7A =<3 =@23@ =4 ;/5<7BC23 A;/::3@ B6/< B63 1/:70@/B32
D/:C3 CA32 0G -/:A6 

 *63 ?C/@B3@:G 8=0 23AB@C1B7=< @/B3  
 7A 1:=A3 B= B63
D/:C3 =4  1=;>CB32 0G /D7A /:B7E/<53@ /<2 )16C6  4=@ B63 +) *63 7;>:732
AB3/2GAB/B3 ;/@9C> 7A @=C56:G 3?C/: B= 
 *63 ;=23: <332A / 6756 235@33 =4 @3/: E/53
7<3@B7/ B= IB B63 >3@A7AB3<13 7< @3/: E/53A
*= A632 :756B =< B63 ;316/<7A;A /B E=@9 7< B63 >@=>/5/B7=< =4 >@713;/@9C> A6=19A
75C@3  A6=EA B63 A6=19231=;>=A7B7=< =4 B63 ;=23: A>31B@C; C<23@ 4=C@ 1/:70@/B7=<A





 /<2 =5:3G /<2 )0=@2=<3 


)3BB7<5  B63 A:=>3 =4 B63 $!&  7< / ;=23: E7B6 /:D= >@717<5 /<2 E7B6=CB 7<23F/B7=< 7A 57D3<
0G    	
 	 E63@3  	 23<=B3A B63 /D3@/53 2C@/B7=< =4 B63 >@713 1=<B@/1BA +A7<5 (=B3;03@5
/28CAB;3<B 1=ABA B63 A:=>3 =4 B63 $!& 7A 3?C/: B=    

/16 1/:70@/B7=< ;=27I3A B63 A>31B@/;/B167<5 3AB7;/B3A 7< =<3 >/@B71C:/@ 27;3<A7=< *63
I@AB 1/:70@/B7=< A3BA B63 >@713AB7197<3AA >/@/;3B3@ 3?C/: B= / D/:C3 1=;;=<:G 4=C<2 7< B63
:7B3@/BC@3 4=@ B63 +)   




 /<2 !@/CA3 /<2 "C079 


*63 A31=<2 1/:70@/B7=< @32C13A B63 D/:C3 =4 B63 1=3P173<B 7< 4@=<B =4 :/5532 7<J/B7=< 7< B63
6G0@72 $!& 
  
 A= B6/B B63 4=@E/@2:==97<5 1=;>=<3<B 031=;3A >@3D/7:7<5 *63




   7</::G B63 4=C@B6 1/:70@/B7=< A3BA B63 7<D3AB;3<B/28CAB;3<B 1=AB /<2 B63
3:/AB717BG =4 B63 @3<B/: @/B3 1:=A3 B= B63 3AB7;/B3A =0B/7<32 0G )-






    < B63 I@AB 1=:C;< =4 75C@3  E3 A33 B6/B 231@3/A7<5 B63 235@33
=4 >@713 AB7197<3AA @32C13A 1=<A723@/0:G B63 >3@7=2 =4 B63 1G1:3 7< 1=<AC;>B7=< 5@=EB6
B756B<3AA /<2 7<J/B7=< 75C@3  E6716 1=;>/@3A B63 7;>C:A3 @3A>=<A3A B= >@713;/@9C>
A6=19A /1@=AA B63 /:B3@</B7D3 1/:70@/B7=<A 1:3/@:G A6=EA B6/B B63 1G1:3 53<3@/B32 0G >@713
;/@9C> A6=19A 031=;3A A6=@B3@ /A >@713A 031=;3 ;=@3 J3F70:3 *63 A31=<2 1=:C;< =4
I5C@3  3AB/0:7A63A B6/B B63 0/19E/@2:==97<5 1=;>=<3<B 7< B63 $!& >:/GA / 93G @=:3 7<




=4 >@713;/@9C> 27ABC@0/<13A D7@BC/::G 27A/>>3/@ E67:3 B63 1=<B@70CB7=< =4 B63 =B63@ A6=19A
7A <=B ;C16 /Q31B32 75C@3  A6=EA B6/B B63 @3A>=<A3A =4 /:: D/@7/0:3A B= ;/@9C> A6=19A
031=;3 ;C16 :3AA >3@A7AB3<B E63< 
  
 *63 B67@2 1=:C;< =4 75C@3  A6=EA B6/B
B63 1=<B@70CB7=< =4 ;/@9C> A6=19A B= /55@35/B3 JC1BC/B7=<A 27;7<7A63A AC0AB/<B7/::G E63<
;=<3B/@G >=:71G 031=;3A :3AA >3@A7AB3<B 3<13 ;=<3B/@G >=:71G 7A 93G 7< B@/<A;7BB7<5 B63
3Q31BA =4 / >@713;/@9C> A6=19 4@=; 7<J/B7=< B= @3/: D/@7/0:3A &@713;/@9C> A6=19A 3;3@53
/A B63 ;/7< A=C@13 =4 0CA7<3AA 1G1:3A 031/CA3  B63G 6/D3 :=<5:/AB7<5 3Q31BA =< 7<J/B7=<
/<2  B63 @3A>=<A3 =4 ;=<3B/@G >=:71G B= B63 7<J/B7=< 5/> 7A 6756:G >3@A7AB3<B 7</::G
B63 4=C@B6 1=:C;< =4 75C@3  A6=EA B6/B @32C17<5 7<D3AB;3<B /<2 CB7:7H/B7=</28CAB;3<B
1=ABA ;/7<:G 3<6/<13A B63 1=<B@70CB7=< =4 >@343@3<13 A6=19A B= 7<D3AB;3<B JC1BC/B7=<A

 5-)'+'+% 1&# 3/'+!# +" 1&# -#/0'01#+!# ,$ 1'%&1+#00
)67;3@ 

 /<2 /532=@< /<2 #/<=DA977 

 3F/;7<3 B63 A=1/::32 MD=:/B7:7BG >CH
H:3N 73 B63 4/7:C@3 =4 B63 A3/@16 /<2 ;/B167<5 ;=23: B= @3>:71/B3 B63 :/@53 D/@7/<13
=4 B63 D/1/<1G	C<3;>:=G;3<B @/B7= /532=@< /<2 #/<=DA977 

 A=:D3 B63 D=:/B7:7BG
>CHH:3 0G CA7<5 /< 3FB@3;3:G 6756 D/:C3 =4 B63 C<3;>:=G;3<B 03<3IB /<2 / :=E D/:C3 =4
B63 E=@93@ 0/@5/7<7<5 >=E3@ <AB3/2 )67;3@ 

 AC553ABA B6/B B63 6756 D=:/B7:7BG =4
B63 $/A6 E/53 /<<767:/B3A ;=AB =4 B63 I@;ALA 7<13<B7D3A B= 67@3 <3E 3;>:=G33A ./A67D


 /<2 C87B/ 

 AB@3AA B63 7</07:7BG =4 B63 A3/@16 /<2 ;/B167<5 ;=23: B= 53<3@/B3
>3@A7AB3<B JC1BC/B7=<A 7< B756B<3AA /<2 >@=>=A3 CA7<5 1=<D3F 67@7<5 1=ABA =::=E7<5 B67A
A3B =4 /2D713 B63 ;=23: 43/BC@3A 0=B6 @3/:E/53 7<3@B7/ /<2 1=<D3F 67@7<5 1=ABA <2332
7< 75C@3  E3 A33 B6/B B63 ;=23: IBA B63 '%(&)" =4 B756B<3AA @3;/@9/0:G E3:: ;3/<7<5
B6/B B63 ;=23: 7A /0:3 B= 3F>:/7< 0=B6 B63 D/@7/<13 /<2 B63 >3@A7AB3<13 =4 B67A D/@7/0:3
*63 ;=23: /1673D3A B67A 5==2 >3@4=@;/<13 0G $"## (& '$ '  >@713;/@9C>
27ABC@0/<13A 53<3@/B3 B63 0C:9 =4 0CA7<3AA1G1:34@3?C3<1G D/@7/<13 E67:3 E/530/@5/7<7<5
/<2 >@343@3<13 A6=19A 7<831B :=E4@3?C3<1G D/@7/<13 3<13 /A AC553AB32 0G (=B3;03@5







 B63 ;=23: @3:73A =< / AC0AB/<B7/: 235@33 =4 @3/: E/53 7<3@B7/ ;>=@B/<B:G
B63 ;=23: IBA B63 A>31B@C; =4 @3/: E/53A @3:/B7D3:G E3:: 7</::G B63 C<3;>:=G;3<B 03<3IB
7A 3AB7;/B32 B= 3?C/: 
 =4 B63 AB3/2GAB/B3 E/53 E67:3 B63 E=@93@ 0/@5/7<7<5 >=E3@ 7A

 *63A3 3AB7;/B3A A33; @3/A=</0:3 4=@ B63 3C@= /@3/ A33 !" #=@3=D3@ B63G 2= <=B
AC>>=@B B63 D/:C3A >@=>=A32 0G /532=@< /<2 #/<=DA977 


 3)21'+% 1&# 81 ,$ 1&# *,"#)
-/BA=< 
 /<2 )R23@:7<2  />>:G 4@3?C3<1G2=;/7< B==:A B= /AA3AA B63 IB =4 /
1/:70@/B32 D3@A7=< =4 B63 0/A71 ( ;=23: -3<  3AB7;/B3A /< ( ;=23: CA7<5
A>31B@/;/B167<5 B316<7?C3A /<2 B63< 1=;>/@3A B63 ;=23:LA /<2 2/B/ LA A>31B@/: 23<A7B73A
/<2 1=63@3<13A =::=E7<5 B67A :7B3@/BC@3  I@AB 3D/:C/B3 B63 /07:7BG =4 B63 ;=23: B= ;/B16
B63 ;/7< 27/5=</: 3:3;3<BA =4 B63 2/B/ A>31B@C; @3>=@B32 7< 75C@3   B63< 16319 B63
/07:7BG =4 B63 ;=23: B= /11=C<B 4=@ A=;3 1=;=D3;3<B >/BB3@<A 0G 1=;>/@7<5 B63 ;=23:LA
/<2 2/B/LA 1=63@3<13A
 -#!1/) "#!,*-,0'1',+ ,$ 3/'+!#0
=E 5==2 7A B63 ;=23: /B @3>:71/B7<5 B63 ABG:7H32 4/1BA AC;;/@7H32 7< 75C@3  73 B63
D/@7/<13 /<2 B63 >3@A7AB3<13 =4 3/16 =0A3@D/0:3 75C@3  >:=BA B63 A>31B@C; =4 B63 2/B/
/5/7<AB B63 ;=23:LA 
 1=<I23<13 0/<2A *63 ;=23: IBA B63 A>31B@/: 23<A7B73A =4 =CB>CB
1=<AC;>B7=< E/53 5@=EB6 /<2 B756B<3AA ?C7B3 E3:: B A:756B:G C<23@>@3271BA B63 D/@7/<13
=4 7<D3AB;3<B 5@=EB6 /B 0CA7<3AA1G1:3 4@3?C3<173A /<2 4/7:A B= @3>:71/B3 B63 6756 >3@A7AB3<13
=4 7<J/B7=<
	 -#!1/) "#!,*-,0'1',+ ,$ 0.2/#" !,//#)1',+
*= E6/B 3FB3<B 7A B63 ;=23: /0:3 B= @3>:71/B3 1=;=D3;3<B >/BB3@<A =0A3@D32 7< B63 2/B/
*67A ?C3AB7=< 7A 7<B3@3AB7<5 /A B63 A>31B@/;/B167<5 B316<7?C3 27A@35/@2 7<4=@;/B7=< =<
1=;=D3;3<BA 75C@3 
 1=<4@=<BA A7F 2/B/ 1=63@3<13A E7B6 B63 ;=23:LA 
 1=<I23<13
0/<2A *63 BE= 1=63@3<13A 03BE33< =CB>CB 5@=EB6 /<2 7<J/B7=< /<2 03BE33< B756B<3AA /<2
7<J/B7=< 1/@@G 7<4=@;/B7=< /0=CB B63 &67::7>A 1C@D3 7< B63 3C@= /@3/ =B6 1=63@3<13A A6/@3
/ A7;7:/@ A6/>3 E7B6 / ;/@932 >3/9 /@=C<2 B63 ?C/@B3@ >3@7=2 *63 ;=23: @3>:71/B3A
B67A ABG:7H32 4/1B 4/7@:G E3:: 
< B63 2/B/ B63 1=63@3<13 03BE33< =CB>CB /<2 B756B<3AA 7A AB@=<5 /B 0CA7<3AA1G1:3 4@3
?C3<173A /<2 E3/9 /B 67563@ 4@3?C3<173A ;3/<7<5 B6/B 7< B63 A6=@B @C< I@;A /28CAB B637@
 1=63@3<13 7A /<  231=;>=A32 4@3?C3<1G 0G 4@3?C3<1G
>@=2C1B7=< 0G D/@G7<5 #'(#(#$)' ;/@57<A =B63@ B6/< 3;>:=G;3<B
 *63 ;=23: 1/>
BC@3A B67A 1=63@3<13 /B :=EB=;327C; 4@3?C3<173A ?C7B3 E3:: 0CB =D3@>@3271BA 7BA AB@3<56
/B ;327C;B=6756 4@3?C3<173A *63 /AAC;>B7=< B6/B 6=C@A >3@ E=@93@ /@3 1=<AB/<B ;/G
03 @3A>=<A70:3 4=@ B67A 4/7:C@3 =4 B63 ;=23: :B3@</B7D3:G B67A 4/7:C@3 ;/G 03 /< /@B34/1B
=4 B63 :7;7B327<4=@;/B7=< 3AB7;/B7=< />>@=/16
*63 ;=23: AC0AB/<B7/::G C<23@>@3271BA B63 1=63@3<13 03BE33< 7<J/B7=< /<2 B63 7<B3@3AB
@/B3 /B 4@3?C3<1G H3@= 7</::G B63 6756 1=@@3:/B7=< /B 0CA7<3AA1G1:3 4@3?C3<173A 03BE33<
1=<AC;>B7=< 5@=EB6 /<2 7<D3AB;3<B 5@=EB6 AC553ABA B6/B / A7<5:3 A6=19 2@7D3A B63 0C:9 =4
JC1BC/B7=<A 7< 7<D3AB;3<B /<2 1=<AC;>B7=< =E3D3@ B63 ;=23: A75<7I1/<B:G C<23@3AB7
;/B3A B63 1=63@3<13 03BE33< 1=<AC;>B7=< 5@=EB6 /<2 7<D3AB;3<B 5@=EB6 /B 0CA7<3AA1G1:3
4@3?C3<173A *63 >@343@3<13 A6=19 /<2 B63 7<D3AB;3<B A6=19 0=B6 B3<2 B= ;=D3 1=<AC;>
B7=< /<2 7<D3AB;3<B 7< =>>=A7B3 27@31B7=<A *63@34=@3 B63 ;=23: 1/<<=B 3/A7:G 53<3@/B3 /
AB@=<5 >=A7B7D3 1=;=D3;3<B /B 0CA7<3AA1G1:3 4@3?C3<173A

 , 201+#00 +)60'0 ,*-/'+% 0-#!1/ *1!&'+%
+" *5'*2* )'(#)'&,,"
*= C<23@AB/<2 E63B63@ B63 4/7:C@3 =4 B63 ;=23: B= ;/B16 A=;3 1=;=D3;3<B >/BB3@<A 7A 2C3
B= / A>317I1/B7=< >@=0:3; =@ 7<AB3/2 7A /< /@B34/1B =4 B63 :7;7B327<4=@;/B7=< 3AB7;/B7=<
AB@/B35G  @33AB7;/B3 B63 ;=23: 0G ;/F7;C; :793:76==2 )>31B@/ ;/B167<5 )& /<2
;/F7;C; :793:76==2 &% 27Q3@ 7< B63 ?C/<B7BG =4 7<4=@;/B7=< B63G 1=<A723@ /<2 7< B63
E/G B63G CA3 B67A 7<4=@;/B7=< 7@AB &% 3F>:=7BA B63 7<4=@;/B7=< 3;032232 7< 1@=AA
A>31B@/ E63@3/A )& 2=3A <=B )31=<2 &% ;7<7;7H3A B63 =<3>3@7=2/63/2 >@3271B7=<
3@@=@A E63@3/A )& ;/7<:G 1/@3A /0=CB B63 27A/5@33;3<BA /B 4@3?C3<173A @3137D7<5 6756
E3756BA =@ 3F/;>:3 B63 0/:/<132 5@=EB6 6G>=B63A7A /<2 B63 AB/B7=</@7BG =4 7<J/B7=< 7<
B63 ;=23: /@3 >==@ />>@=F7;/B7=<A =4 B63 3C@= /@3/ 2/B/LA :=E4@3?C3<1G 036/D7=@ )&
>/@B7/::G 75<=@3A B63A3 B3<A7=<A /A 7BA E3756B7<5 A163;3 /AA75<A H3@= E3756B B= 4@3?C3<173A
A;/::3@ B6/< 

 3<13 &% 7A :793:G B= 03 ;=@3 A3<A7B7D3 B= ;7AA>317I1/B7=< /B :=E
4@3?C3<1G B6/< )& 7</::G &% ;7<7;7H3A B63 A/;>:7<5 C<13@B/7<BG 0G 57D7<5 ;=@3
E3756B B= B63 4@3?C3<173A E6716 /@3 ;=@3 >@317A3:G 3AB7;/B32 E63@3/A )& 57D3A ;=@3
E3756B B= B63 4@3?C3<173A E63@3 B63 D/@7/<13 1=;3A 4@=;
*/0:3A 
 /<2  1=;>/@3 B63 3AB7;/B3A =0B/7<32 CA7<5 &% /<2 )& *63 BE= 3AB7;/
B7=< B316<7?C3A ;=AB =4B3< G73:2 A75<7I1/<B:G 27Q3@3<B 3AB7;/B3A &% I<2A  <3/@C<7B
@==B A6=19A 7<D3AB;3<B >@713 ;/@9C> 0/@5/7<7<5 >=E3@ /<2 5=D3@<;3<B A>3<27<5 1=;
>/@32 B= / A7<5:3 =<3 >@343@3<13 4=@ )& *63 27A1@3>/<1G 03BE33< )& /<2 &% 7A

B E=C:2 03 7<B3@3AB7<5 B= 7<D3AB75/B3 B63 >/BB3@< =4 B63 1=63@3<13 03BE33< =CB>CB 5@=EB6 /<2 6=C@A




 CA3 / @7A9>@3;7C; A6=19 7<AB3/2 =4 B63 27A1=C<B 4/1B=@ A6=19 *63G AB@3AA B6/B B67A :/BB3@
27ABC@0/<13 63:>A @3>@=2C13 B63 >=A7B7D3 1=;=D3;3<B 03BE33< 1=<AC;>B7=< /<2 7<D3AB;3<B
;=AB AB@797<5:G D7A70:3 4=@ B63 4=::=E7<5 ID3 233> >/@/;3B3@A  B63 235@33 =4 7<B3@</:
6/07B 4=@;/B7=< 7< 1=<AC;>B7=< 3 
  3  
  














   
B63 235@33 =4 @3/: E/53 7<3@B7/ 
! 
   
! 
  
  /<2  B63 235@33 =4 7<B3@3AB
@/B3 A;==B67<5 
 
   
 
  
  *63 6756 D/:C3 =4 B63 &% 3AB7;/B3 4=@ B63
6/07B >3@A7AB3<13 >/@/;3B3@ 3 
  




  %< B63 1=<B@/@G )& >719A / D3@G >3@A7AB3<B >@343@3<13 A6=19 /<2 / :=E
D/:C3 4=@ 6/07B 3 
   
 
   )& /11=C<BA 4=@ B63 >3@A7AB3<13 7< 7<D3AB;3<B
B6@=C56 / :/@53 7<D3AB;3<B /28CAB;3<B 1=AB E63@3/A &% CA3A / >3@A7AB3<B 7<D3AB;3<B 27A
BC@0/<13 )& IBA B63 >3@A7AB3<13 7< @3/: E/53A B6@=C56 / 6756 235@33 =4 @3/: E/53 7<3@B7/
E63@3/A &% CA3A / D3@G >3@A7AB3<B 0/@5/7<7<5 >=E3@ A6=19
75C@3  1=;>/@3A B63 /07:7BG =4 B63 BE= B316<7?C3A B= IB A>31B@/: 23<A7B73A &% IBA
7<D3AB;3<B 5@=EB6 7<J/B7=< /<2 B63 7<B3@3AB @/B3 E3:: /B /:: 4@3?C3<173A 0CB 4/7:A B= 53<
3@/B3 / 6C;>A6/>32 A>31B@/ 4=@ =CB>CB 5@=EB6 1=<AC;>B7=< 5@=EB6 @3/:E/53 5@=EB6
/<2 B756B<3AA &% A75<7I1/<B:G =D3@>@3271BA A=;3 :=E4@3?C3<1G D/@7/<13A /<2 ;/7<:G
53<3@/B3A :=E4@3?C3<1G JC1BC/B7=<A 7<AB3/2 =4 0CA7<3AA1G1:3 JC1BC/B7=<A $=<3 =4 B63
BE= />>@=/163A /::=E B63 ;=23: B= ;/B16 A7;C:B/<3=CA:G B63 :=E D=:/B7:7BG =4 1=<AC;>
B7=< /<2 B63 6756 D=:/B7:7BG =4 7<D3AB;3<B /B 0CA7<3AA1G1:3 4@3?C3<173A < 75C@3 
 E3
A33 B6/B <3CB@/: B316<=:=5G A6=19A /@3 ;/7<:G @3A>=<A70:3 4=@ B63 3F13AA7D3 :=E4@3?C3<1G
D=:/B7:7BG 7< B63 5@=EB6 @/B3A =4 =CB>CB 1=<AC;>B7=< /<2 E/53A *63 6756 235@33 =4 6/07B
>3@A7AB3<13 >@3D3<BA B63 ;=23: 4@=; 53<3@/B7<5 6C;>A6/>32 A>31B@/ 1=<27B7=</: =< B316
<=:=5G A6=19A *63 3F13AA7D3 >3@A7AB3<13 7< B756B<3AA /<2 7<J/B7=< 7A 7<63@7B32 4@=; E/53
0/@5/7<7<5 A6=19A
75C@3  1=;>/@3A B63 /07:7BG =4 B63 BE= B316<7?C3A B= IB 1=63@3<13A =<I23<13
0/<2A =4 1=63@3<13A /@3 :/@53@ E7B6 )& B6/< E7B6 &% A7<13 )& 75<=@3A 7<4=@;/B7=<
/0=CB 1=;=D3;3<B &% B3<2A B= 53<3@/B3 ;=<=B=<=CA:G 231@3/A7<5 1=63@3<13A *63
:/@53 <C;03@ =4 <3/@C<7B @==B A6=19A /<2 B63 A;/:: D/:C3A =4 B63 D/@7=CA /28CAB;3<B
1=ABA 4=C<2 0G &% 3F>:/7< B67A B3<23<1G &% 4/7:A B= ;/B16 B63 6C;>A6/>32 1=63@3<13
03BE33< B756B<3AA /<2 =CB>CB 5@=EB6 3<13 @3:/F7<5 B63 /AAC;>B7=< B6/B 6=C@A >3@
E=@93@ /@3 1=<AB/<B A33;A / >@7=@7BG 4=@ 4CBC@3 @3A3/@16 =< 3C@= /@3/ 2/B/ &% @3>:71/B3A
B63 6756 1=@@3:/B7=< 03BE33< 7<J/B7=< /<2 B63 7<B3@3AB @/B3 /B 4@3?C3<1G H3@= *67A 5==2
>3@4=@;/<13 7A 2C3 B= B63 4/1B B6/B &%CA3A B63 A/;3 A6=19 B= /11=C<BA 4=@ B63 >3@A7AB3<13
7< 0=B6 7<J/B7=< /<2 B63 7<B3@3AB @/B3 A33 75C@3 
 7</::G A7;7:/@:G B= )&&%;7AA3A
B63 A6/>3 =4 B63 1=63@3<13 03BE33< 1=<AC;>B7=< 5@=EB6 /<2 7<D3AB;3<B 5@=EB6 3<13
B63 3Q31BA =4 @3>:/17<5 B63 27A1=C<B 4/1B=@ A6=19 0G / @7A9>@3;7C; A6=19 /A 7< )- 


A6=C:2 03 3F>:=@32 7< 4CBC@3 @3A3/@16

 ,+!)2"'+% #*/(0
< B67A >/>3@  6/D3 A6=E32 B6/B ;/1@=31=<=;71 JC1BC/B7=<A 7< B63 3C@= /@3/ /@3 ;/7<:G
53<3@/B32 0G / 1G1:3 =4   G3/@A *6@=C56 B63 :3<A =4 / ;327C;A1/:3 ) ;=23:
3AB7;/B32 0G A>31B@/ ;/B167<5 >@713;/@9C> A6=19A 3;3@53 /A B63 ;/7< A=C@13 =4 B63 
 G3/@ 1G1:3 #=@3=D3@ /A AC553AB32 0G (=B3;03@5 

 B63A3 27ABC@0/<13A 5@3/B:G
63:> B63 ;=23: B= ;/B16 B63 D/@7/<13 =4 B63 D/1/<1G	C<3;>:=G;3<B @/B7= /B 0CA7<3AA1G1:3
4@3?C3<173A  6756 235@33 =4 7<J/B7=< 7<23F/B7=< /A E3:: /A / D3@G >3@A7AB3<B /<2 /55@3AA7D3
@3A>=<A3 =4 ;=<3B/@G >=:71G B= B63 7<J/B7=< 5/> /@3 B63 ;=AB 1@C17/: 7<5@3273<BA 4=@ B63
>@=>/5/B7=< =4 1=AB>CA6 A6=19A CBC@3 @3A3/@16 A6=C:2 /AA3AA B63 @=0CAB<3AA =4 B63A3
I<27<5A B= B63 7<B@=2C1B7=< =4 / >3@;/<3<B A6=19 B= B63 13<B@/: 0/<9LA 7<J/B7=< B/@53B
*E= =B63@ 3FB3<A7=<A B6/B /@3 :793:G B= 7;>@=D3 B63 1=<5@C3<1G =4 B63 ) ;=23: B= 3C@=
/@3/ 2/B/ /@3  B= /::=E 4=@ D/@7/B7=<A 7< 6=C@A >3@ E=@93@  B= @3>:/13 B63 27A1=C<B
4/1B=@ A6=19 E7B6 / @7A9>@3;7C; A6=19
7</::G B67A >/>3@ 6/A 7::CAB@/B32 B63 >3@D/A7D3<3AA =4 ;7AA>317I/B7=< /<2 B63 /2D/<
B/53A =4 CA7<5 /< 3AB7;/B7=< B316<7?C3 B6/B 4=1CA3A =< B63 27;3<A7=<A =4 B63 2/B/ B6/B
B63 ;=23: 7A >@7;/@7:G 23A75<32 B= 3F>:/7< =::=E7<5 -/BA=< 
 B67A >/>3@ 6/A /:A=
23;=<AB@/B32 B63 CA34C:<3AA =4 1=;>/@7<5 B63 ;=23:LA /<2 2/B/LA A>31B@/ B= /AA3AA B63 IB
=4 / ) ;=23:
 --#+"'5 #0!/'-1',+ ,$ 1&# "1 0#
:: 2/B/ 3F13>B 4=@ D/1/<173A /@3 B/93< 4@=; B63 -# 2/B/0/A3 2=E<:=/2/0:3 4@=;
B63 $ E30A7B3 ,/1/<173A /@3 ;3/AC@32 0G B63 <C;03@ =4 D/1/<173A 7< 3@;/<G
;C:B7>:732 0G B63 /D3@/53 1=3P173<B =4 >@=>=@B7=</:7BG 03BE33< B63 3@;/< /<2 3C@= /@3/
:/0=@ 4=@13 *63 2/B/ =< D/1/<173A 7< 3@;/<G /@3 2=E<:=/232 4@=; B63 % E30A7B3
*63@3 7A <= A3@73A /D/7:/0:3 4=@ D/1/<173A 7< B/:G /B/ =< @3<16 D/1/<173A /@3 <=B /D/7:/0:3
034=@3  &3@ 1/>7B/ @3/: & 1=<AC;>B7=< /<2 7<D3AB;3<B /@3 =0B/7<32 0G 27D727<5
B63 @3/: A3@73A 0G B63 :/0=@ 4=@13 (3/: E/53A 1=@@3A>=<2 B= <=;7</: 6=C@:G 1=;>3<A/B7=<
>3@ 3;>:=G33 27D7232 0G B63 & 23J/B=@ .3/@:G 7<J/B7=< 7A B63 G3/@:G 5@=EB6 @/B3 =4
B63 & 23J/B=@
#$#/#+!#0
:/<16/@2 % /<2 /:7   





A A= 27Q3@3<B 4@=; B63 
AL ""$ 
 
6@7AB7/<= " 7163<0/C; # /<2 D/<A  

 K$=;7</: @75727B73A /<2 B63 2G</;71A
3Q31BA =4 / A6=19 B= ;=<3B/@G >=:71GL $)&#! $ $!(! 	$#$", 
 O
6@7AB=Q3: ! !C3AB3@ ! /<2 "7<H3@B * 

 K*63 @=:3 =4 :/0=@ ;/@93BA 4=@ 3C@= /@3/
;=<3B/@G >=:71GL 	)&$%# 	$#$" *+ $,/1&!,*'+%
:/@72/ ( /:7   /<2 3@B:3@ #  K*63 A173<13 =4 ;=<3B/@G >=:71G  $3E
!3G<3A7/< >3@A>31B7D3L $)&#! $ 	$#$" (&()& 
 O

=5:3G * /<2 )0=@2=<3  

 K*@3<2 7<J/B7=< 7<23F/B7=< /<2 7<J/B7=< >3@A7AB3<13
7< B63 <3E !3G<3A7/< &67::7>A 1C@D3L "&# 	$#$" *+ 
/D7A ) /:B7E/<53@   /<2 )16C6 )  K =0 1@3/B7=< /<2 23AB@C1B7=<L 
/#00
3< //< - 








730=:2  %6/<7/< " /<2 3@9=E7BH    KG</;71 3?C7:70@7C; 31=<=;73A 






03:: # /<2 /3493  

 K&@=2C1B ;/@93B 23@35C:/B7=< /<2 B63 +) 3;>:=G;3<B




 K,/1/<1G >3@A7AB3<13L 
&! '&* #  $ !!% $& #
%&' 	

/532=@< # /<2 #/<=DA977  

 K*63 1G1:71/: 036/D7=@ =4 3?C7:70@7C; C<3;>:=G




 K;>:=G;3<B JC1BC/B7=<A E7B6 3?C7:70@7C; E/53 AB7197<3AAL "&#











 K6/<53A 7< B63 323@/: (3A3@D3LA 7<J/B7=< B/@53B /CA3A /<2 1=<A3
?C3<13AL $)&#! $ $#, &( # # # 
 O
!@/CA3 # /<2 "C079 * 

 K=3A 7<B@/I@; 0/@5/7<7<5 ;/BB3@ 4=@ 0CA7<3AA 1G1:3
2G</;71AL )(' )#'#  ')''$# %& &' 
!@/CA3 # /<2 "C079 * 

 K*63 7@@3:3D/<13 =4 @3/: E/53 @75727BG 7< B63 <3E













 K$=B3A =< 0==BAB@/>>7<5 7< :7<3/@ ;=23:A E7B6 772 27ABC@0/<13AL
 	$#$"' #!# %&' 		
&3B@=<5=:=  /<2 &7AA/@723A  

 K"==97<5 7<B= B63 0:/19 0=F  AC@D3G =4 B63





(/D3<</  /<2 -/:A6  

 K,/1/<173A C<3;>:=G;3<B /<2 B63 &67::7>A 1C@D3L
	)&$%# 	$#$" *+ $,/1&!,*'+%
(=B3;03@5    K)B719G >@713A 7< B63 +<7B32 )B/B3AL $)&#! $ $!(! 	$#$",

 O
(=B3;03@5   

 KG1:71/: E/53A 7< / A3/@16/<20/@5/7<7<5 ;=23: E7B6 :/@53 I@;AL




 K*63 1G1:71/: 036/D7=@ =4 3?C7:70@7C; C<3;>:=G;3<B /<2 D/1/<173A
D723<13 /<2 B63=@GL "&# 	$#$" *+  O
);3BA  /<2 -=CB3@A ( 


 K< 3AB7;/B32 2G</;71 AB=16/AB71 53<3@/: 3?C7:70@7C;
;=23: =4 B63 3C@= /@3/L $)&#! $ ( 	)&$%# 	$#$" ''$($#  O
);3BA  /<2 -=CB3@A ( 

 K)6=19A /<2 4@71B7=<A 7< +) 0CA7<3AA 1G1:3A  /G3A7/<
) />>@=/16L "&# 	$#$" *+ 
 O

)R23@:7<2 &  KG1:71/: >@=>3@B73A =4 / @3/: 0CA7<3AA 1G1:3 ;=23:L $)&#! $ %%!
	$#$"(&'  )
O)
)D33< * /<2 -37<93 " 

 K<J/B7=< /<2 :/0=@ ;/@93B 2G</;71A @3D7A7B32L 
!





 K?C7:70@7C; C<3;>:=G;3<B 8=0 J=EA /<2 7<J/B7=< 2G</;71AL $)&#!





 K"/0=@ ;/@93B A3/@16 AB719G >@713A /<2 7<B3@3AB @/B3 @C:3AL *+ $
	$#$" ,#"'  O
-/BA=< # 





-3< .  K/< / @3/: 0CA7<3AA 1G1:3 ;=23: >/AA B63 -/BA=< B3ABL $)&#! $





 KD/:C/B7<5 B63 >3@4=@;/<13 =4 B63 A3/@16 /<2 ;/B167<5 ;=23:L 	)&$




*/0:3  /:70@/B32 >/@/;3B3@A
/>7B/: 23>@317/B7=< @/B3 


&@=0/07:7BG B= I:: / D/1/<1G E7B67< / ?C/@B3@ 6 


F=53<=CA A>3<27<5	=CB>CB @/B7= !. 


+<3;>:=G;3<B @/B3 + 






'C/@B3@:G 7<J/B7=< @/B3 


'C/@B3@:G <=;7</: 7<B3@3AB @/B3 7 













#3/< =4 3F=53<=CA A>3<27<5 A6=19 2 

;>:=G;3<B @/B3 ' 















/@5/7<7<5 >=E3@ >/@/;3B3@ 
  
  
;>:=G;3<B /28CAB;3<B 1=ABA >/@/;3B3@   
 
  







/>7B/:	=CB>CB @/B7= $.  
























































































































































 0==BAB@/>>32 1=<I23<13 7<B3@D/:A 7< 0@/193BA
*/0:3  )6=19AL >/@/;3B3@ 3AB7;/B3A
)& &%



































































































































































































































































































































































WIXXMRKIUYEPXS^IVSXLIWXERHEVHHIZMEXMSRWSJEPPWLSGOWFYXSRINBB WORKING PAPER No. 173 - JULY 2009    41 
NATIONAL BANK OF BELGIUM - WORKING PAPERS SERIES 
 
1.  "Model-based inflation forecasts and monetary policy rules" by M. Dombrecht and R. Wouters, Research 
Series, February 2000. 
2.  "The use of robust estimators as measures of core inflation" by L. Aucremanne, Research Series, 
February 2000. 
3.  "Performances économiques des Etats-Unis dans les années nonante" by A.  Nyssens, P.  Butzen, 
P. Bisciari, Document Series, March 2000. 
4.  "A model with explicit expectations for Belgium" by P. Jeanfils, Research Series, March 2000. 
5.  "Growth in an open economy: some recent developments" by S. Turnovsky, Research Series, May 2000. 
6.  "Knowledge, technology and economic growth: an OECD perspective" by I. Visco, A.  Bassanini, 
S. Scarpetta, Research Series, May 2000. 
7.  "Fiscal policy and growth in the context of European integration" by P. Masson, Research Series, May 
2000. 
8.  "Economic growth and the labour market: Europe's challenge" by C. Wyplosz, Research Series, May 
2000. 
9.  "The role of the exchange rate in economic growth: a euro-zone perspective" by R.  MacDonald, 
Research Series, May 2000. 
10.  "Monetary union and economic growth" by J. Vickers, Research Series, May 2000. 
11.  "Politique monétaire et prix des actifs: le cas des Etats-Unis" by Q. Wibaut, Document Series, August 
2000. 
12.  "The Belgian industrial confidence indicator: leading indicator of economic activity in the euro area?" by 
J.-J. Vanhaelen, L. Dresse, J. De Mulder, Document Series, November 2000. 
13.  "Le financement des entreprises par capital-risque" by C. Rigo, Document Series, February 2001. 
14.  "La nouvelle économie" by P. Bisciari, Document Series, March 2001. 
15.  "De kostprijs van bankkredieten" by A. Bruggeman and R. Wouters, Document Series, April 2001. 
16.  "A guided tour of the world of rational expectations models and optimal policies" by Ph.  Jeanfils, 
Research Series, May 2001. 
17.  "Attractive Prices and Euro - Rounding effects on inflation" by L. Aucremanne and D.  Cornille, 
Documents Series, November 2001. 
18.  "The interest rate and credit channels in Belgium: an investigation with micro-level firm data" by 
P. Butzen, C. Fuss and Ph. Vermeulen, Research series, December 2001. 
19.  "Openness, imperfect exchange rate pass-through and monetary policy" by F. Smets and R. Wouters, 
Research series, March 2002. 
20.  "Inflation, relative prices and nominal rigidities" by L. Aucremanne, G. Brys, M. Hubert, P. J. Rousseeuw 
and A. Struyf, Research series, April 2002. 
21.  "Lifting the burden: fundamental tax reform and economic growth" by D. Jorgenson, Research series, 
May 2002. 
22.  "What do we know about investment under uncertainty?" by L. Trigeorgis, Research series, May 2002. 
23.  "Investment, uncertainty and irreversibility: evidence from Belgian accounting data" by D.  Cassimon, 
P.-J. Engelen, H. Meersman, M. Van Wouwe, Research series, May 2002. 
24.  "The impact of uncertainty on investment plans" by P. Butzen, C. Fuss, Ph. Vermeulen, Research series, 
May 2002. 
25.  "Investment, protection, ownership, and the cost of capital" by Ch.  P.  Himmelberg, R.  G.  Hubbard, 
I. Love, Research series, May 2002. 
26.  "Finance, uncertainty and investment: assessing the gains and losses of a generalised non-linear 
structural approach using Belgian panel data", by M.  Gérard, F.  Verschueren, Research series, 
May 2002. 
27.  "Capital structure, firm liquidity and growth" by R. Anderson, Research series, May 2002. 
28.  "Structural modelling of investment and financial constraints: where do we stand?" by J.- B. Chatelain, 
Research series, May 2002. 
29.  "Financing and investment interdependencies in unquoted Belgian companies: the role of venture 
capital" by S. Manigart, K. Baeyens, I. Verschueren, Research series, May 2002. 
30.  "Development path and capital structure of Belgian biotechnology firms" by V.  Bastin, A.  Corhay, 
G. Hübner, P.-A. Michel, Research series, May 2002. 
31.  "Governance as a source of managerial discipline" by J. Franks, Research series, May 2002.   NBB WORKING PAPER No. 173 - JULY 2009  42
32.  "Financing constraints, fixed capital and R&D investment decisions of Belgian firms" by M.  Cincera, 
Research series, May 2002. 
33.  "Investment, R&D and liquidity constraints: a corporate governance approach to the Belgian evidence" 
by P. Van Cayseele, Research series, May 2002. 
34.  "On the Origins of the Franco-German EMU Controversies" by I. Maes, Research series, July 2002. 
35.  "An estimated dynamic stochastic general equilibrium model of the Euro Area", by F.  Smets and 
R. Wouters, Research series, October 2002. 
36.  "The labour market and fiscal impact of labour tax reductions: The case of reduction of employers' social 
security contributions under a wage norm regime with automatic price indexing of wages", by 
K. Burggraeve and Ph. Du Caju, Research series, March 2003. 
37.  "Scope of asymmetries in the Euro Area", by S. Ide and Ph. Moës, Document series, March 2003. 
38.  "De autonijverheid in België: Het belang van het toeleveringsnetwerk rond de assemblage van 
personenauto's", by F. Coppens and G. van Gastel, Document series, June 2003. 
39.  "La consommation privée en Belgique", by B. Eugène, Ph. Jeanfils and B. Robert, Document series, 
June 2003. 
40.  "The process of European monetary integration: a comparison of the Belgian and Italian approaches", by 
I. Maes and L. Quaglia, Research series, August 2003. 
41.  "Stock market valuation in the United States", by P. Bisciari, A. Durré and A. Nyssens, Document series, 
November 2003. 
42.  "Modeling the Term Structure of Interest Rates: Where Do We Stand?, by K. Maes, Research series, 
February 2004. 
43.  "Interbank Exposures: An Empirical Examination of System Risk in the Belgian Banking System", by 
H. Degryse and G. Nguyen, Research series, March 2004.  
44.  "How Frequently do Prices change? Evidence Based on the Micro Data Underlying the Belgian CPI", by 
L. Aucremanne and E. Dhyne, Research series, April 2004. 
45.  "Firms' investment decisions in response to demand and price uncertainty", by C.  Fuss and 
Ph. Vermeulen, Research series, April 2004. 
46.  "SMEs and Bank Lending Relationships: the Impact of Mergers", by H. Degryse, N. Masschelein and 
J. Mitchell, Research series, May 2004. 
47.  "The Determinants of Pass-Through of Market Conditions to Bank Retail Interest Rates in Belgium", by 
F. De Graeve, O. De Jonghe and R. Vander Vennet, Research series, May 2004. 
48.  "Sectoral vs. country diversification benefits and downside risk", by M. Emiris, Research  series, 
May 2004. 
49.  "How does liquidity react to stress periods in a limit order market?", by H. Beltran, A. Durré and P. Giot, 
Research series, May 2004. 
50. "Financial consolidation and liquidity: prudential regulation and/or competition policy?", by 
P. Van Cayseele, Research series, May 2004. 
51.  "Basel II and Operational Risk: Implications for risk measurement and management in the financial 
sector", by A. Chapelle, Y. Crama, G. Hübner and J.-P. Peters, Research series, May 2004. 
52.  "The Efficiency and Stability of Banks and Markets", by F. Allen, Research series, May 2004. 
53.  "Does Financial Liberalization Spur Growth?" by G. Bekaert, C.R. Harvey and C. Lundblad, Research 
series, May 2004. 
54.  "Regulating Financial Conglomerates", by X. Freixas, G. Lóránth, A.D. Morrison and H.S. Shin, Research 
series, May 2004. 
55.  "Liquidity and Financial Market Stability", by M. O'Hara, Research series, May 2004. 
56.  "Economisch belang van de Vlaamse zeehavens: verslag 2002", by F.  Lagneaux, Document  series, 
June 2004. 
57.  "Determinants of Euro Term Structure of Credit Spreads", by A.  Van Landschoot, Research  series, 
July 2004. 
58.  "Macroeconomic and Monetary Policy-Making at the European Commission, from the Rome Treaties to 
the Hague Summit", by I. Maes, Research series, July 2004. 
59.  "Liberalisation of Network Industries: Is Electricity an Exception to the Rule?", by F. Coppens and 
D. Vivet, Document series, September 2004. 
60.  "Forecasting with a Bayesian DSGE model: an application to the euro area", by F. Smets and 
R. Wouters, Research series, September 2004. 
61.  "Comparing shocks and frictions in US and Euro Area Business Cycle: a Bayesian DSGE approach", by 
F. Smets and R. Wouters, Research series, October 2004. NBB WORKING PAPER No. 173 - JULY 2009    43 
62.  "Voting on Pensions: A Survey", by G. de Walque, Research series, October 2004. 
63.  "Asymmetric Growth and Inflation Developments in the Acceding Countries: A New Assessment", by 
S. Ide and P. Moës, Research series, October 2004. 
64.  "Importance économique du Port Autonome de Liège: rapport 2002", by F. Lagneaux, Document series, 
November 2004. 
65.  "Price-setting behaviour in Belgium: what can be learned from an ad hoc survey", by L. Aucremanne and 
M. Druant, Research series, March 2005. 
66.  "Time-dependent versus State-dependent Pricing: A Panel Data Approach to the Determinants of 
Belgian Consumer Price Changes", by L. Aucremanne and E. Dhyne, Research series, April 2005. 
67.  "Indirect effects – A formal definition and degrees of dependency as an alternative to technical 
coefficients", by F. Coppens, Research series, May 2005. 
68.  "Noname – A new quarterly model for Belgium", by Ph. Jeanfils and K. Burggraeve, Research series, 
May 2005. 
69.  "Economic importance of the Flemish maritime ports: report 2003", F. Lagneaux, Document series, May 
2005. 
70.  "Measuring inflation persistence: a structural time series approach", M. Dossche and G.  Everaert, 
Research series, June 2005. 
71.  "Financial intermediation theory and implications for the sources of value in structured finance markets", 
J. Mitchell, Document series, July 2005. 
72.  "Liquidity risk in securities settlement", J. Devriese and J. Mitchell, Research series, July 2005. 
73.  "An international analysis of earnings, stock prices and bond yields", A. Durré and P. Giot, Research 
series, September 2005. 
74.  "Price setting in the euro area: Some stylized facts from Individual Consumer Price Data", E. Dhyne, 
L. J. Álvarez, H. Le Bihan, G. Veronese, D. Dias, J. Hoffmann, N. Jonker, P. Lünnemann, F. Rumler and 
J. Vilmunen, Research series, September 2005. 
75.  "Importance économique du Port Autonome de Liège: rapport 2003", by F. Lagneaux, Document series, 
October 2005. 
76.  "The pricing behaviour of firms in the euro area: new survey evidence, by S.  Fabiani, M.  Druant, 
I.  Hernando,  C.  Kwapil,  B.  Landau,  C.  Loupias,  F.  Martins,  T.  Mathä,  R.  Sabbatini,  H.  Stahl  and 
A. Stokman, Research series, November 2005. 
77.  "Income uncertainty and aggregate consumption, by L. Pozzi, Research series, November 2005. 
78.  "Crédits aux particuliers - Analyse des données de la Centrale des Crédits aux Particuliers", by 
H. De Doncker, Document series, January 2006. 
79.  "Is there a difference between solicited and unsolicited bank ratings and, if so, why?" by P. Van Roy, 
Research series, February 2006. 
80.  "A generalised dynamic factor model for the Belgian economy - Useful business cycle indicators and 
GDP growth forecasts", by Ch. Van Nieuwenhuyze, Research series, February 2006. 
81.  "Réduction linéaire de cotisations patronales à la sécurité sociale et financement alternatif" by 
Ph. Jeanfils, L. Van Meensel, Ph. Du Caju, Y. Saks, K. Buysse and K. Van Cauter, Document series, 
March 2006. 
82.  "The patterns and determinants of price setting in the Belgian industry" by D. Cornille and M. Dossche, 
Research series, May 2006. 
83.  "A multi-factor model for the valuation and risk management of demand deposits" by H.  Dewachter, 
M. Lyrio and K. Maes, Research series, May 2006. 
84.  "The single European electricity market: A long road to convergence", by F.  Coppens and D.  Vivet, 
Document series, May 2006. 
85.  "Firm-specific production factors in a DSGE model with Taylor price setting", by G. de Walque, F. Smets 
and R. Wouters, Research series, June 2006. 
86.  "Economic importance of the Belgian ports: Flemish maritime ports and Liège port complex - report 
2004", by F. Lagneaux, Document series, June 2006. 
87.  "The response of firms' investment and financing to adverse cash flow shocks: the role of bank 
relationships", by C. Fuss and Ph. Vermeulen, Research series, July 2006. 
88.  "The term structure of interest rates in a DSGE model", by M. Emiris, Research series, July 2006. 
89.  "The production function approach to the Belgian output gap, Estimation of a Multivariate Structural Time 
Series Model", by Ph. Moës, Research series, September 2006. 
90.  "Industry Wage Differentials, Unobserved Ability, and Rent-Sharing: Evidence from Matched Worker-
Firm Data, 1995-2002", by R. Plasman, F. Rycx and I. Tojerow, Research series, October 2006.   NBB WORKING PAPER No. 173 - JULY 2009  44
91.  "The dynamics of trade and competition", by N. Chen, J. Imbs and A. Scott, Research series, October 
2006. 
92.  "A New Keynesian Model with Unemployment", by O. Blanchard and J. Gali, Research series, October 
2006.  
93.  "Price and Wage Setting in an Integrating Europe: Firm Level Evidence", by F. Abraham, J. Konings and 
S. Vanormelingen, Research series, October 2006. 
94.  "Simulation, estimation and welfare implications of monetary policies in a 3-country NOEM model", by 
J. Plasmans, T. Michalak and J. Fornero, Research series, October 2006. 
95.  "Inflation persistence and price-setting behaviour in the euro area: a summary of the Inflation Persistence 
Network evidence ", by F. Altissimo, M. Ehrmann and F. Smets, Research series, October 2006. 
96.  "How Wages Change: Micro Evidence from the International Wage Flexibility Project", by W.T. Dickens, 
L. Goette, E.L. Groshen, S. Holden, J. Messina, M.E. Schweitzer, J. Turunen and M. Ward, Research 
series, October 2006. 
97.  "Nominal wage rigidities in a new Keynesian model with frictional unemployment", by V.  Bodart, 
G. de Walque, O. Pierrard, H.R. Sneessens and R. Wouters, Research series, October 2006. 
98.  "Dynamics on monetary policy in a fair wage model of the business cycle", by D.  De la Croix, 
G. de Walque and R. Wouters, Research series, October 2006. 
99.  "The kinked demand curve and price rigidity: evidence from scanner data", by M. Dossche, F. Heylen 
and D. Van den Poel, Research series, October 2006. 
100. "Lumpy price adjustments: a microeconometric analysis", by E.  Dhyne, C.  Fuss, H.  Peseran and 
P. Sevestre, Research series, October 2006. 
101. "Reasons for wage rigidity in Germany", by W. Franz and F. Pfeiffer, Research series, October 2006. 
102. "Fiscal sustainability indicators and policy design in the face of ageing", by G. Langenus, Research 
series, October 2006. 
103. "Macroeconomic fluctuations and firm entry: theory and evidence", by V. Lewis, Research series, 
October 2006. 
104. "Exploring the CDS-Bond Basis" by J. De Wit, Research series, November 2006. 
105. "Sector Concentration in Loan Portfolios and Economic Capital", by K. Düllmann and N. Masschelein, 
Research series, November 2006. 
106. "R&D in the Belgian Pharmaceutical Sector", by H. De Doncker, Document series, December 2006. 
107. "Importance et évolution des investissements directs en Belgique", by Ch. Piette, Document series, 
January 2007. 
108. "Investment-Specific Technology Shocks and Labor Market Frictions", by R. De Bock, Research series, 
February 2007. 
109. "Shocks and frictions in US Business cycles: a Bayesian DSGE Approach", by F. Smets and R. Wouters, 
Research series, February 2007.  
110. "Economic impact of port activity: a disaggregate analysis. The case of Antwerp", by F.  Coppens, 
F.  Lagneaux,  H.  Meersman,  N.  Sellekaerts,  E.  Van  de  Voorde,  G.  van  Gastel,  Th.  Vanelslander, 
A. Verhetsel, Document series, February 2007. 
111.  "Price setting in the euro area: some stylised facts from individual producer price data", by 
Ph. Vermeulen, D. Dias, M. Dossche, E. Gautier, I. Hernando, R. Sabbatini, H. Stahl, Research series, 
March 2007. 
112. "Assessing the Gap between Observed and Perceived Inflation in the Euro Area: Is the Credibility of the 
HICP at Stake?", by L. Aucremanne, M. Collin, Th. Stragier, Research series, April 2007. 
113. "The spread of Keynesian economics: a comparison of the Belgian and Italian experiences", by I. Maes, 
Research series, April 2007. 
114. "Imports and Exports at the Level of the Firm: Evidence from Belgium", by M. Muûls and M.  Pisu, 
Research series, May 2007.  
115. "Economic importance of the Belgian ports: Flemish maritime ports and Liège port complex - report 
2005", by F. Lagneaux, Document series, May 2007. 
116. "Temporal Distribution of Price Changes: Staggering in the Large and Synchronization in the Small", by 
E. Dhyne and J. Konieczny, Research series, June 2007. 
117. "Can excess liquidity signal an asset price boom?", by A. Bruggeman, Research series, August 2007. 
118. "The performance of credit rating systems in the assessment of collateral used in Eurosystem monetary 
policy operations", by F. Coppens, F. González and G. Winkler, Research series, September 2007. 
119. "The determinants of stock and bond return comovements", by L. Baele, G. Bekaert and K. Inghelbrecht, 
Research series, October 2007.  NBB WORKING PAPER No. 173 - JULY 2009    45 
120. "Monitoring pro-cyclicality under the capital requirements directive: preliminary concepts for developing a 
framework", by N. Masschelein, Document series, October 2007. 
121. "Dynamic order submission strategies with competition between a dealer market and a crossing 
network", by H. Degryse, M. Van Achter and G. Wuyts, Research series, November 2007. 
122. "The gas chain: influence of its specificities on the liberalisation process", by C. Swartenbroekx, 
Document series, November 2007. 
123. "Failure prediction models: performance, disagreements, and internal rating systems", by J. Mitchell and 
P. Van Roy, Research series, December 2007. 
124. "Downward wage rigidity for different workers and firms: an evaluation for Belgium using the IWFP 
procedure", by Ph. Du Caju, C. Fuss and L. Wintr, Research series, December 2007. 
125. "Economic importance of Belgian transport logistics", by F. Lagneaux, Document series, January 2008. 
126. "Some evidence on late bidding in eBay auctions", by L. Wintr, Research series, January 2008. 
127. "How do firms adjust their wage bill in Belgium? A decomposition along the intensive and extensive 
margins", by C. Fuss, Research series, January 2008. 
128. "Exports and productivity – comparable evidence for 14 countries", by The International Study Group on 
Exports and Productivity, Research series, February 2008. 
129. "Estimation of monetary policy preferences in a forward-looking model: a Bayesian approach", by 
P. Ilbas, Research series, March 2008. 
130. "Job creation, job destruction and firms' international trade involvement", by M. Pisu, Research series, 
March 2008. 
131. "Do survey indicators let us see the business cycle? A frequency decomposition", by L. Dresse and 
Ch. Van Nieuwenhuyze, Research series, March 2008. 
132. "Searching for additional sources of inflation persistence: the micro-price panel data approach", by 
R. Raciborski, Research series, April 2008. 
133. "Short-term forecasting of GDP using large monthly datasets - A pseudo real-time forecast evaluation 
exercise", by K. Barhoumi, S. Benk, R. Cristadoro, A. Den Reijer, A. Jakaitiene, P. Jelonek, A. Rua, 
G. Rünstler, K. Ruth and Ch. Van Nieuwenhuyze, Research series, June 2008. 
134. "Economic importance of the Belgian ports: Flemish maritime ports, Liège port complex and the port of 
Brussels - report 2006" by S. Vennix, Document series, June 2008. 
135. "Imperfect exchange rate pass-through: the role of distribution services and variable demand elasticity", 
by Ph. Jeanfils, Research series, August 2008. 
136. "Multivariate structural time series models with dual cycles: Implications for measurement of output gap 
and potential growth", by Ph. Moës, Research series, August 2008. 
137. "Agency problems in structured finance - a case study of European CLOs", by J. Keller, Document 
series, August 2008. 
138. "The efficiency frontier as a method for gauging the performance of public expenditure: a Belgian case 
study", by B. Eugène, Research series, September 2008. 
139. "Exporters and credit constraints. A firm-level approach", by M. Muûls, Research series, September 
2008. 
140. "Export destinations and learning-by-exporting: Evidence from Belgium", by M. Pisu, Research series, 
September 2008. 
141. "Monetary aggregates and liquidity in a neo-Wicksellian framework", by M.  Canzoneri, R.  Cumby, 
B. Diba and D. López-Salido, Research series, October 2008. 
142  "Liquidity, inflation and asset prices in a time-varying framework for the euro area, by Ch. Baumeister, 
E. Durinck and G. Peersman, Research series, October 2008. 
143. "The bond premium in a DSGE model with long-run real and nominal risks", by Glenn D. Rudebusch and 
Eric T. Swanson, Research series, October 2008. 
144. "Imperfect information, macroeconomic dynamics and the yield curve: an encompassing macro-finance 
model", by H. Dewachter, Research series, October 2008. 
145. "Housing market spillovers: evidence from an estimated DSGE model", by M. Iacoviello and S. Neri, 
Research series, October 2008. 
146. "Credit frictions and optimal monetary policy", by V.  Cúrdia and M.  Woodford, Research series, 
October 2008. 
147. "Central Bank misperceptions and the role of money in interest rate rules", by G. Beck and V. Wieland, 
Research series, October 2008. 
148. "Financial (in)stability, supervision and liquidity injections: a dynamic general equilibrium approach", by 
G. de Walque, O. Pierrard and A. Rouabah, Research series, October 2008.   NBB WORKING PAPER No. 173 - JULY 2009  46
149.  "Monetary policy, asset prices and macroeconomic conditions: a panel-VAR study", by 
K. Assenmacher-Wesche and S. Gerlach, Research series, October 2008. 
150. "Risk premiums and macroeconomic dynamics in a heterogeneous agent model", by F. De Graeve, 
M. Dossche, M. Emiris, H. Sneessens and R. Wouters, Research series, October 2008. 
151. "Financial factors in economic fluctuations", by L. J. Christiano, R. Motto and M. Rotagno, Research 
series, to be published. 
152. "Rent-sharing under different bargaining regimes: Evidence from linked employer-employee data", by 
M. Rusinek and F. Rycx, Research series, December 2008. 
153. "Forecast with judgment and models", by F. Monti, Research series, December 2008. 
154. "Institutional features of wage bargaining in 23 European countries, the US and Japan", by Ph. Du Caju, 
E. Gautier, D. Momferatou and M. Ward-Warmedinger, Research series, December 2008. 
155. "Fiscal sustainability  and policy implications for the euro area", by F. Balassone, J. Cunha, G. Langenus, 
B. Manzke, J Pavot, D. Prammer and P. Tommasino, Research series, January 2009. 
156. "Understanding sectoral differences in downward real wage rigidity: workforce composition, institutions,
  technology and competition", by Ph. Du Caju, C. Fuss and L. Wintr, Research series, February 2009. 
157. "Sequential bargaining in a New Keynesian model with frictional unemployment and staggered wage 
negotiation", by G. de Walque, O. Pierrard, H. Sneessens and R. Wouters, Research series, February 
2009. 
158. "Economic Importance of Air Transport and Airport Activities in Belgium", by F. Kupfer and F. Lagneaux, 
Document series, March 2009. 
159. "Rigid labour compensation and flexible employment? Firm-Level evidence with regard to productivity for 
Belgium", by C. Fuss and L. Wintr, Research series, March 2009.  
160. "The Belgian Iron and Steel Industry in the International Context", by F. Lagneaux and D. Vivet, 
Document series, March 2009. 
161. "Trade, wages and productivity", by K. Behrens, G. Mion, Y. Murata and J. Südekum, Research series, 
March 2009. 
162. "Labour flows in Belgium", by P. Heuse and Y. Saks, Research series, April 2009. 
163. "The young Lamfalussy: an empirical and policy-oriented growth theorist", by I. Maes, Research series, 
April 2009. 
164. "Inflation dynamics with labour market matching: assessing alternative specifications", by K. Christoffel, 
J. Costain, G. de Walque, K. Kuester, T. Linzert, S. Millard and O. Pierrard, Research series, May 2009. 
165. "Understanding inflation dynamics: Where do we stand?", by M. Dossche, Research series, June 2009. 
166. "Input-output connections between sectors and optimal monetary policy", by E. Kara, Research series, 
June 2009. 
167. "Back to the basics in banking? A micro-analysis of banking system stability", by O. De Jonghe, 
Research series, June 2009. 
168.  "Model misspecification, learning and the exchange rate disconnect puzzle", by V. Lewis and 
A. Markiewicz, Research series, July 2009. 
169. "The use of fixed-term contracts and the labour adjustment in Belgium", by E. Dhyne and B. Mahy, 
Research series, July 2009. 
170. "Analysis of business demography using markov chains – An application to Belgian data”, by F. Coppens 
and F. Verduyn, Research series, July 2009. 
171. "A global assessment of the degree of price stickiness - results from the NBB business survey", by 
E. Dhyne, Research series, July 2009. 
172. "Economic importance of the Belgian ports: Flemish maritime ports, Liège port complex and the port of 
Brussels - report 2007" by C. Mathys, Document series, July 2009. 
173. "Evaluating a monetary business cycle model with unemployment for the euro area", by N. Groshenny, 
Research series, July 2009. 
 
 
 